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SUMMARY

This report outlines work done by the University of Dayton
Research Institute (UDRI) under Contract No. F33615-78-C-0504 to

analyze s ereophotometric data sets. These data sets were prepared
by the Texas Institute for Rehabilitation and Research, and consist
of stereophotometric data describing the body surfaces of 46 differ-

ent female subjects.

The first step in the analysis of this data was to sort data
points for each subject into 19 groups. Each of these groups then
consisted of data points describing the surface of one of the body

segments illustrated in Figure 3 of this report.

The data sets resulting from this sorting or segmentation were
then used as input to program IMPED, a FORTRAN coded computer pro-
gram written jointly by the UDRI and the Mathematics and Analysis

Branch of the Air Force Aerospace Medical Research Laboratory. A
sample listing of all analyses performed on the segmented data by
program IMPED is given in Appendix I. The portions of IMPED written

by the UDRI include subroutines to compute inertial properties for

specified combinations of body segments, location and direction
cosines of the segment principal axis systems from the directions

associated with the principal moment vectors, and tabulation of

percent height versus percent volume from the floor to specified

heights for each subject's data set.

The results of theae analyses provide information describing
inertial and geometric properties for each of the 46 subjects.
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tions of two UDRI employees: Mr. Dart G. Peterson who performed

technical editing of this report, and Ms. Charlene Thompson who did

the typing necessary for this report.
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GLOSSARY OF TERMS

Acromiale (right and left): The most lateral point on the lateral
margin of the acromial process of each scapula.

Anatomical Axis System: A right-handed, three dimensional axis system,
defined by anthropometric landmarks. One such axis system is
defined for each body segment.

Anterior Superior Iliac Spine (right and left): The inferior point of
each anterior superior iliac spine.

Anthropometry: Study of the physical dimensions of the human body.

Articulated Total Body Model: Computer/mathematical model used to
simulate the motion of the human body in a dynamic environment.

Bustpoint (right and left): The maximum anterior protrusion of a bra
cup.

Cervicale: The superior tip of the spine of the seventh cervical ver-
tebra. (The protrusion of the spinal column at the base of the
neck.)

Clavicale (right and left): The point on the most imminent prominence
of the superior aspect of the medial end of each clavical.

Cross Section: The collection of data points describing the contour
around a subject's body at 3ome horizontal level.

Crotch Sensor: The subject stands, feet slightly apart and a spring
loaded pole, with a cross bar forming a T at the top, is placed
in the apex of the crotch. The anterior point on the cross bar
is located photometrically.

Dactylion (right and left): The tip of digit III of each hand.

Direction Cosine 14atrix: A three by three matrix used to relate the
orientation of one axis system to another. If D-(dij) is the
cosine matrix of axis system A with respect to axis system B,
then dij is the cosine of the angle between ith axis (l-X, 2-Y,
3-Z) of the A system and the jth axis of the B system (assuming
the axis systems have been translated so that their origins
coincide).

Femoral Epicondyle, Lateral (right and left): The lateral point on
the lateral epicondyle of each femur.

Femoral Epicondyle, Medial (right and left): The medial point on the
medial epicondyle of each femur.
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Fibulare (right and left): The proximal tip of each fibula.

Fiducial: A marker attached to a subject's body in order to locate a
landmark during the digitization process.

FLAPS: The second program in the set of segmentation programs. It is
used to separate out data points describing the shoulder and hip
flaps.

Global Axis System: A right handed axis system. The X-Y plane of
this axis system corresponds to the standing surface of the sub-
ject, and the Y-axis is defined by the projection of the line
segment connecting the left and right anterior superior iliac
spines onto the X-Y plane. The origin is the mid-point of this
line segment. Positive Y is to the subject's left and positive
Z upward.

Gluteal Fold (right and left): The lowest point on each gluteal fold.

Gonion (right and left): The lateral and inferior point on the back
of the mandible at the intersection of the vertical and horizon-
tal portions of each side of the jaw.

Head Circumference: A point in the midsagittal line of the forehead
just above the brow ridges.

Humeral Epicondyle, Lateral (right and left): The lateral point on the
lateral epicondyle of each humerus with the arms in the anatom-
ical position.

Humeral Epicondyle, Medial (right and left): The medial point on the
medial epicondyle of each humerus with the arm in the anatomical
position.

Iliocri~tale Points (right and left): The highest point on the crest
of each ilia in the midaxillary line.

IMPED: Computer program written jointly by the AFAMRL/BBM and the
UDRI to perform analyses of the stereophotometric data.

Inertial Properties: Properties computed by Program IMPED for each
body segment including mass, center of gravity, and magnitude
and direction of principal moments of inertia.

Infraorbitale (right and left): The lowest point on the inferior mar-
gin of each orbit.

Landmark: Easily identified locations on the human body.

Malleoli, Lateral (right and left): The most lateral point on each
lateral malleolus.
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Metacarpale II (right and left): The most laterally prominent point
on the lateral surface of the head of the second metacarpal,
with the hand in the anatomical position.

Metacarpale III (right and left): The distal point in the midline on
the head of the third metacarpal with the hand rotated 1800 from
the anatomical position.

Metacarpale V (right and left): In the anatomical position, the most
medially prominent point on the medial surface of the head of
the fifth metacarpal.

Metatarsal I (right and left): The medial point on the head of each
metatarsus I.

Metatarsal V (right and left): The lateral point on the head of each
metatarsus V.

Mid-thyroid Cartilage: The anterior point in the midsagittal plane
of the thyroid cartilage.

Nuchale: The lowest point in the xidsagittal plane of the occiput that
can be palpated among the muscles in the posterior-superior part
of the neck. This point will usually be obscured by hair.

Olecranon (right and left): The superior point on the olecranon pro-
cess of the ulna with each arm in the anatomical position.

POLISH: The third of the three segmentation routines. This computer
program produces a header for the stereophotometric data, com-
bines the shoulder flaps with their respective upper arms, and
creates a cross-section between the thorax and abdomen, and an-
other one between the abdomen and pelvis.

Posterior Calcaneous Point (right'and left): The posterior point on
each heel.

Posterior Superior Iliac Midspine: The point on the midspine made at
the level of the posterior-superior iliac spines. (A dimple
often indicates the site of this iliac spine.)

Principal Axis System: A right-handed axis system, one of which is
defined for each body segment. The orientation and location of
these axis systems depends upon the mass distribution of its
associated segment.

Radial Styloid (right and left): The point at the distal tip of the
radius.

Radiale (right and left): The highest palpable point on the head of
each radius with the arm in the anatomical position.
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Scye Points (right and left): These are a series of marks drawn at
the axillary folds formed by the juncture of the arms and trunk.
Subject stands and initially abducts slightly her right arm; a
straight edge is placed horizontally under the armpit so that
the top of the straight edge touches, without compressing the
tissue, the inferior point of the axillary fold. The subject
then relaxes the arm and short horizontal lines are drawn at the
level of the top of the straight edge on the anterior and poste-
rior surfaces of the arms and torso. The process is repeated on
the left side of the body. The intersections of the horizontal
marks and the vertical lines following the axillary folds in the
direction of the acromion are the scye point landmarks.

Segmentation: Separation of stereophotometric data points into groups,
each group then describing the surface of one body segment.

Segmenting Plane: Planes used to define the separation between body
segments.

Sellion: The point in the midsagittal plane of the deepest depression
of the nasal root.

SGMNTS: The first of the three segmentation routines. This computer
program groups data points so that a total of 17 body segments
are defined at its completion.

Sphyrion (right and left): The distal end of each tibia.

Stereophotometrics: A process used to obtain data points describing
the body surface of a subject. Simultaneous photographs are
taken of the subject from different angles. These photographs
are then computer digitized yielding the location of data points
on the surface of the subject's body.

Suprasternale: The lowest point of the jugular notch on the superior
margin of the sternum.

Symphysion: The anterior point in the midsagittal plane on the notch
of the superior border of the pubic symphysis.

Tenth Rib (right, left, and midspine): A series of marks in the mid-
spine, in the midaxillary line, made at the level of the lowest
point on the inferior margin of the lowest of the two tenth ribs.

Tibiale (right and left): The superior point on the medial margin of
the head of each tibia.

Toe II (right and left): The tip of digit II of each foot.

Tragion (right and left): The deepest point of the notch just above

the tragus of each ear.
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Trochanterion (right and left): The proximal point of the greater
trochanter of each femur.

Ulnar Styloid (right'and left): The distal point of each ulna.

10



F
LIST OF ABBREVIATIONS, ACRONYMS, AND SYMBOLS

AFAMRL/BBM - Mathematics and Analysis Branch of the Air Force Aero-

space Medical Research Laboratory

ASIS - Anterior Superior Iliac Spine

ATB Model - Articulated Total Body Model

TIRR - Texas Institute for Rehabilitation and Research

UDRI - University of Dayton Research Institute

- dot or scalar product of two vectors

x - cross product of two vectors
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SECTION 1
INTRODUCTION

The development of mathematical/computer models capable of pre-

dicting the motion of the human body in a dynamic environment has
created a need for extensive data describing human geometry and-lfner-

tial properties. These models have been used to predict body motion
during events such as automobile crashes and aircraft cockpit ejections,
and are capable of pointing out potentially hazardous designs of these

two environments. One such model is the Articulated Total Body (ATB)

Model (Fleck and Butler, 1975) developed under aponsorship of the

Mathematics and Analysis Branch of the Air Force Aerospace Medical
Research Laboratory (AFAMRL/BBM). The ATB Model models the human body

as a series of connected rigid bodies, referred to as body segments.

The ATB Model is flexible as to how many segments are used to define
the human body. There is, however, a standard configuration, consist-

ing of 15 segments, which is illustrated in Figure 1.

Body description data required by the ATB Model for each body
segment include: center of gravity of the segment, segment mass,

principal moments of inertia, and the directions associated with these

moments. In the past, cadaver studies, such as those performed by
Chandler, et al. (1975) and Walker, et al. (1973), have been used as
a source for the body description data. An alternative approach has

been to construct geometric models approximating body segments. These

models are such that the needed data items are known functions of the

model's dimensions, and these dimensions may be computed from standard
anthropometric measurements. This is the method used by Reynolds

(1976). This approach was also undertaken during the early months of

this contract (F33615-78-C-0504), using more elaborate geometric models

than others had previously in order to better approximate body segments.

The details of this study may be found in Leet (1978).

12



1. Head

2. Neck

3. Thorax

4. Abdomen

5. Pelvis

6. Right Upper Arm

7. Right Lower Arm

8. Left Upper Arm

9. Left Lower Arm
10. Right Thigh

11. Right Calf

12. Right Foot
13. Left Thigh

14. Left Calf

15. Left Foot

Figure 1. Fifteen Segment Configuration Commonly Used
With Articulated Total Body (ATB) Model.
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A technique, referred to as stereophotometry, has been developed
(Herron et al., 1974) to obtain three dimensional body description
data. This technique involves the taking of simultaneous pairs of
photographs of a subject from the front and rear by spatially sepa-
rated cameras. Data from these stereophotographs are then computer

digitized in a systematic fashion which provides coordinates of

points on the surface of the subject's body. The digitization pro-
cess is performed in such a way that the data points it yields are
arranged in horizontal body cross sections. Assuming homogeneity

of the body, numerical integration may then be applied to this data
as a means of obtaining inertial data for that subject. The Texas

Institute for Rehabilitation and Research (TIRR) recently applied
the stereophotometric technique to a group of 46 female subjects

producing a body surface description data set for each subject. For
some of the subjects the method was applied more than once, as a
check on the reproducibility of all results, giving a total of 59

data sets. These were handled as data sets describing 59 unique

subjects throughout the work described in this report.

Each data set prepared by Texas Institute for Rehabilitation
and Research (TIRR) has data points sorted into five groups: one
group of data points describes the surface of the head and trunk

regions of the body, two describe the arms, and two describe the
legs. These five sections of the body will be referred to as TIRR

segments and are illustrated in Figure 2. In order for the results
of analyzing these data to be usable in terms of the ATB Model, the
results must be configured in terms of, at least, the 15 body seg-

ments shown in Figure 1. Thus, prior to analyzing the data, the

data points must be regrouped according to a larger set of body

segments. The procedures used to regroup the data, referred to as
segmentation routines, are outlined in Section 2.

To be consistent with the work that has been performed by

McConville et al. (1980) the data points for each subject were re-
grouped into 19 groups. Each of these 19 groups contains data points

describing one of the body segments shown in Figure 3. The differ-

ence between these 19 segments and the 15 defined for the ATB Model

14



1. Head-Trunk
2. Right Arm

3. Left Arm

4. Right Leg

5. Left Leg

Figure 2. Five Segment Configuration of Texas Institute for
Research and Rehabilitation (TIRR) Data.
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1. Head

2. Neck

3. Thorax

4. Abdomen

5. Pelvis

6. Right Upper Arm

7. Right Forearm

8. Right Hand

9. Left Upper Arm

10. Left Forearm

11. Left Hand

12. Right Hip Flap

13. Right Thigh Minus Flap

14. Right Calf

15. Right Foot

16. Left Hip Flap

13 17. Left Thigh Minus Flap

18. Left Calf

19. Left Foot1
15 

19

Figure 3. Nineteen Segment Data Configuration as Produced
by Segmentation Routines.
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(see Figure 1) is that each ATB Model lower arm has been separated
into a forearm and hand, and each ATB Model thigh has been separated
into a hip flap and thigh minus flap. Inertial properties calculated
for the 19 segment model, are applicable to the 15 segment model,
since it is a simple process to combine the inertial properties of
two or more segments into one segment.

The segmentation routines, after sorting data points by seg-
ment, distinguish between segment representing groups in the data in
the same manner as did TIRR in the preparation of its data set. All
cross sections containing data points belonging to the first segment
are listed first, followed by those with data points belonging to
the second segment, etc. The numbers associated with the TIRR seg-
ments and the 19 segments after segmentation are the same as in
Figures 2 and 3, respectively. Cross sections belonging to the same
segment are listed in order of decreasing Z (vertical axis) coordi-
nate. The data for a cross section are presented in a format (see
Appendix G) that gives fitdt the cross section number, number of data
points in the cross section, and the Z coordinate comon to all of the
points in the cross section. This is followed by a list of the X,Y
coordinates of the data points in that cross section. Cross sections
are numbered in the order that they are listed within a segment re-
presenting group. Thus the cross section in each segment with the
largest Z coordinate has a cross section number of one, and each cross
section numbered one signals the beginning of the next segment re-
presenting group.

After the segmentation of the stereophotometric data numerous
analyses were performed on the segmented data by a FORTRAN coded
computer program, IMPED. Appendix I is a complete listing of the
results of these analyses for one subject's data set. The writing
of IMPED was performed jointly by members of the AFAMRL/BBM and the
UDRI. Portions of IMPED which calculate principal moments of inertia
and their associated directions, volume, and center of gravity for
each of the 19 segments were written by members of the AFAMRL/BBM.
Portions of IMPED written by the UDRI determine the principal moments
of inertia for certain specified combinations of the 19 segments

17



(including those combination segments used in the ATB Model) and

tabulate partial body volume as a function of distance from the

standing surface. Additionally, portions of IMPED written by the

UDRI determine the location and orientation of segment principal

and anatomical axis systems, and the location of certain landmark

and other points relative to these two axis systems. These analyses

carried out by portions of IMPED written by the UDRI are discussed in

more detail in Section 3.

18



SECTION 2

SEGMENTATION ROUTINES

The division between two adjacent body segments is defined by

one or more planes (see Table 1), referred to as segmenting planes.

For each segmenting plane a normal vector and a point on the plane

are specified. As an initial approach, consider the problem of sepa-

rating the data points between two segments.

By taking a vector from a point on the segmenting plane (the

point used in defining the segmenting plane is used in practice) to

any point in question, and dotting this vector with the specified

normal to the segmenting plane, the segment the point in question

belongs to is determined. If the dot product is positive the point

lies in one segment, if negative it lies in the other segment. Some

of the segments are separated by more than one segmenting plane.

Points are separated between such segments by specified combinations

of positive and negative dot products (see Table 2).

To the extent possible, the separation of data points into

groups corresponding to the 19 segments shown in Figure 3 is reduced

to the problem of separating data points between two segments, as has

just been described. The actual work of separating data points is

performed by three computer programs: program SGMNTS, program FLAPS,

and program POLISH. SGMNTS is run first, segmenting the data pre-

pared by TIRR into the 17 segments shown in Figure 4a. These 17

segments leave the right and left shoulder flaps part of the thorax

and the right and left hip flaps part of the pelvis. FLAPS is then

run twice. On its first run it separates out data points belonging

to the left shoulder flap and left hip flap (see Figure 4b), and on

its second run it separates out the right shoulder and hip flaps

(see Figure 4c). Lastly POLISH is run. It combines the shoulder

flap data points with their respective upper arm segments, adds a

cross section between the thorax and abdomen and one between the

abdomen and pelvis, and prepares a header for the data set. The data

produced by POLISH is in its final form and ready for analysis by

program IMPED. A listing of these three programs is given in Appen-

dix F.
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TABLE 2

LOGIC APPLIED FOR SEGMENTS SEPARATED BY
MORE THAN ONE SEGMENTING PLANE

LOGIC APPLIED
SEGMENTS SEPARATED IF THEN

Neck-Thorax dot >0 or (dot >0 and dot >0) Point belongs in neck.
12 3
Otherwise Point belongs in thorax.

Right Shoulder dot >0 or dot >0 Point belongs in thorax.
1 2

Flap-Thorax Otherwise Point belongs in flap.

Left Shoulder dot >0 or dot 2>0 Point belongs in thorax.

Flap-Thorax Otherwise Point belongs in flap.

Left Hip Flap dot >0 or dot 2>0 Point belongs in pelvis.

- Pelvis Otherwise Point belongs in flap.

dot, refers to the dot product computed for the ith segmenting plane, separating

the two segments (see Table 1).
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2.1 PROGRAM SGMNTS

Program SGMNTS performs the initial grouping of data points into

body segments. It receives the data prepared by TIRR, which is sepa-

rated into five segments, and further separates it into a total of 17

segments. Each data point output by SGMNTS will be grouped into one

of the body segments shown in Figure 4a.

Definition of segmenting planes, necessary to perform this sepa-

ration of data, is accomplished by use of anthropometric landmarks (see

Table 1). Prior to photographing a subject, TIRR placed a fiducial at

each of the 76 landmarks. In most cases two locations were then re-

corded for each landmark by the digitization process performed on the

photographs. The tip of the fiducial, furthest from the surface of the

skin, is one of the two locations recorded, and is referred to as the

distal point. The other point recorded may be anywhere along the
fiducial, and is referred to as the proximal point. The fiducials

used are three-quarters of an inch long. Thus the actual landmark, on

the surface of the skin, lies on the line defined by the proximal and

distal points, three-quarters of an inch from the distal point in the

direction of the proximal point. In some cases TIRR was able to di-

rectly record the actual location of a landmark. When this was possi-

ble, it was indicated in the data by assigning all three coordinates

of the proximal point a value of zero. The distal point then takes

on the location of the landmark. Program SGMNTS computes the actual

coordinates for all 76 landmarks, and writes these coordinates out in

order that they may be used directly by subsequent programs, as well

as making use of these landmark locations itself.

Additionally SGMNTS determines two Z coordinates. One of these

is computed to be the average of the Z coordinate of the first cross

section of the left TIRR arm segment and the smallest Z coordinate of

any cross section in the TIRR head-trunk segment that is greater

(strictly) than this first Z coordinate of the left arm. This process

is repeated using the right arm. The resulting two Z coordinates are

written out by SGMNTS as the Z coordinate of a seventy-seventh and

seventy-eighth landmark, each of these having X and Y coordinates of
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zero (simply as a space filler). These two Z coordinates are then

used by pr-gram FLAPS to define two of the segmenting planes it uses.
Prior to writing out the final set of data by program POLISH, these

two landmarks are removed.

Two observations were made on the arrangement of the 17 segments

that program SGMNTS divides data points into (see Figure 4a). These

observations have been used to simplify the algorithm used by SGMNTS.

1. The data points in any one horizontal cross section of one

of the TIRR segments can belong to at most two of the 17

segments.

2. When comparing two segments, which are part of the same
TIRR segment, it is always possible to speak of one as being

above the other. That is, if A and B are two such segments,

and the topmost cross section of A is above the topmost

cross section of B, then the bottom-most cross section of

A will be above the bottom-most section of B; A cannot be

both above and below B.

Program SGMNTS deals with one TIRR segment at a time, working within

each one from top to bottom.

Consider, for example, the TIRR head-trunk segment. As program

SGMNTS begins examining this TIRR segment it compares all the points

withiin the topmost cross section with the segmenting plane separating
the head and neck. Comparison need only be made to this one segment-

ing plane since, by Observation 1, all points within this cross sec-

tion must belong to either the head or the neck. The individual data

points in this cross section are compared to the segmenting plane by

means of a dot product as previously described (refer also to the be-

ginning of Appendix A). All segmenting planes used by program SGMNTS

are oriented so that their normal vectors point to the segment above

the plane, and thus, for this first cross section of the TIRR head-

trunk segment, all of these dot products should be positive. This,

of course, indicates that all data points in the first cross section

belong to the head segment. Since all of these data points do belong

to the head segment, data for this cross section are simply written

out as read in.
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This process is repeated for each successive cross section, mov-

ing downward through the TIRR head-trunk segment. After some number

of cross sections containing only data points belonging to the head

have been processed, an area of overlap between the head and neck will

be encountered. This will be signaled by a cross section containing

some data points that produce positive dot products, and others that

will produce negative dot products. The negative dot products indicate

that their associated data points do not belong to the head, but rather

to the neck.

Program SGMNTS adds two data points to cross sections of this

type. These points are added along the intersection between the hori-

zontal plane of the cross section and the segmenting plane. The de-

tails of the computations used to locate these two points are listed

in Appendix A. With this accomplished, the coordinates of all data

points with negative dot products are stored by program SGMNTS, along

with the two added points. The data set for this cross section is then

reformed to include only those data points with associated positive

dot products. The two added data points are included here also, since

they belong to both the head and the neck. Data for this cross sec-

tion are then written out with the count for the total number of data

points being the number of data points with positive dot products,

plus two.

This type of processinr is repeated for each cross section con-

taining some data points yielding positive dot products and others

yielding negative dot products. After some number of these cross

sections are processed, one cross section will be encountered in

which the dot product for all data points is negative. This indicates

that the segment immediately above the segmenting plane (in the case

of this example, the head segment) has been completely processed.

Note that by Observation 2, it is guaranteed that this will happen;

a return to all positive dot products is not possible.

At this point all data points stored are written out in cross

section form. The numbering of these cross sections begins again with

one, indicating the beginning of a new segment. The data sets written

out are separated into cross sections just as they were stored, with
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an appropriate count for the number of data points. After all stored

data points have been written out, the cross section being processed
is also written out, exactly as read in except that the cross section
number is changed to be the one following the last stored cross sec-

tion.

Encountering a cross section with data points yielding all nega-
tive dot products also changes the segmenting plane(s) that data points
will be compared to. In this example, after processing the cross sec-

tion with all negative dot products, data points read in for succeed-
ing cross sections will not be compared to the segmenting plane sepa-
rating the head and neck, but now the set of three segmenting planes

separating the neck from the thorax will be used for this comparison.

This set of segmenting planes will continue to be used until another

cross section is encountered giving all negative dot products, at

which point the reference will again be switched to the next segment-

ing plane down.

This process outlined for the separation of data points belong-

ing to the head from those belonging to the neck is continued on down-
ward through the TIRR head-trunk segment. When complete, the program
proceeds to process the TIRR arm and leg segments in a similar fashion.
Many of the segmenting planes encountered will be horizontal. There
is no overlap between segments where separation is performed by a
horizontal plane. Because of this, no cross sections will be encoun-
tered with data points yielding both positive and negative dot pro-
ducts for this type of segmentation: in one cross section all data

points will have positive dot products, and in the next cross section
all dot products computed will be negative. In these cases no data
points will be stored. The cross section with all negative dot
products will be the first cross section of the next segment, and will

be written out exactly as read in, with a cross section number of one.

One other deviation from the general pattern occurs when the
last segment of any of the TIRR segments is encountered (i.e., the
pelvis, either of the hands, or either of the feet). At this point

there is no longer any segmenting plane to compare data points to.
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All cross sections belonging to one of these last segments are simply

written out as read in, changing only the cross section number.

After this algorithm has passed through all cross sections of

all five TIRR segments, the data set has successfully been divided
into 17 segments. Program SGMNTS at this point also writes out the

total number of cross sections per segment, as an aid to the subse-

quent processing to be performed by program FLAPS.

2.2 PROGRAM FLAPS

Program FLAPS separates out data points describing the surface

of the left shoulder flap, right shoulder flap, left hip flap, and

right hip flap (see Figures 4a, b, and c) from the data output by

program SGMNTS. The data output from program SGMNTS has data points

belonging to the two shoulder flaps combined with the thorax data

points, and those belonging to the hip flaps combined with pelvis

data points. Data in the output of program SGMNTS associated with

other segments requires no processing at this point, thus program

FLAPS ignores these portions of the data, reading them in and writing

them back out, unchanged.

Observation 1 made in conjunction with the description of pro-

gram SGMNTS states that any one cross section could contain data

points belonging to at most one segment. The processing to be per-

formed by program FLAPS, however, requires this program to look at

cross sections that are to be separated into three different segments

(i.e., there are cross sections that will be separated into left

shoulder flap, thorax, and right shoulder flap, as well as cross sec-

tions to be separated into left hip flap, pelvis, and right hip flap).

In order to solve this problem and still make use of Observa-

tion 1, program FLAPS is run twice. The first time it is run, it

separates out data points belonging to the flaps on the left side

of the body, leaving the right shoulder flap part of the thorax and

the right hip flap part of the pelvis. Program FLAPS is then run a

second time, processing the data output from its first run. On this
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second pass, flaps on the right side of the body are separated from
the thorax and pelvis. The thorax and pelvis being examined in this
second run of FLAPS no longer contain data points belonging to flaps
on the left side of the body; rather, these data points have been list-
ed by the first run of FLAPS as separate segments, and are simply
skipped over on this second run, as are all other segments not requir-

ing processing.

Observation 2 made in the discussion of program SGMNTS was that
no segment could be both above and below another segment (assuming

they were both to be separated out from the same TIRR segment). This
observation can still be made for separating one hip flap at a time
from the pelvis. However, when separating a shoulder flap from the
thorax, this observation does not hold. The resulting thorax (minus
flap) is both above and below the separated flap. Observation 2 is
very useful when separating one segment (such as the TIRR head-trunk

segment) into numerous segments (head, neck, thorax, abdomen, pelvis).
In the case of program FLAPS, however, the thorax data set is only to
be separated into two segments on each run of program FLAPS.

Since the thorax is only to be divided into two segments, the
changes to be made in approach are only minor, even though Observation
2 does not apply. As each cross section of the combined thorax and
shoulder flap is examined (top to bottom), dot products are computed
for each data point, as in program SGMNTS. Cross sections yielding
all positive or combinations of positive and negative dot products are
handled in the same manner as they were in program SGMNTS. The differ-
ence is that a cross section yielding all negative dot products is
never encountered. After some number of cross sections with dot pro-
ducts of mixed signs have passed, cross sections will be again encoun-

tered yielding only positive dot products (i.e., all data points again
belong to the thorax minus shoulder flap segment). These cross sections
continue to be processed, until the last cross section of the combined

thorax-shoulder flap segment is processed. At this point, all stored

data points are written out in cross sections, forming a (left or right,
depending upon which run of program FLAPS) shoulder flap segment.
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After the data set has passed through program FLAPS twice, it

is completely segmented, and consists of 21 segments. As was done
by program SGMNTS, program FLAPS writes out an updated list of the

total number of cross sections per segment as the final process of
each run, making this information available for the second run of
FLAPS as well as for program POLISH.

2.3 PROGRAM POLISH

The data set received by program POLISH has been completely
separated, and thus program POLISH performs no separation of data.

Program POLISH does perform three tasks: it prepares a heading for

the final form of the data, it combines the shoulder flaps with their
respective upper arm segments, and it creates two additional cross

sections of data points. Like program FLAPS, program POLISH leaves

much of the data unchanged. Such data is simply read in and written

back out.

2.3.1 Combining Shoulder Flaps with Upper Arms

The work done previously by McConville et al. (1980) defines
a total of 19 body segments, not the 21 output by FLAPS. The differ-
ence here is that the shoulder flaps are not recognized as distinct

segments by McConville. The set of 19 segments includes the shoulder

flap area of the body as part of the upper arm (see Figure 3), but

not as part of the thorax as they were originally recorded in the
TIRR data. Thus, the separation of the shoulder flap from the thorax

by program FLAPS was necessary so that this data set could be combined

with upper arm data at a later point in time.

The separation between a shoulder flap and its corresponding
upper arm is a horizontal plane, and thus there are no overlapping

cross sections between the two. When program POLISH encounters the

two shoulder flap segments, it reads the data pertaining to these

segments in and stores this data. The data for each shoulder flap

is then written back out immediately preceding the data for the

corresponding upper arm segment. The cross section numbers are

then changed for the cross sections in the upper arm segments, so
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that their numbering is consecutive with that begun in the shoulder

flap areas. This process combines each shoulder flap with its corre-
sponding upper arm segment.

2.3.2 Establishing Additional Cross Sections

The inertial analyses to be performed on the body surface data

require that segments have data points on the extreme parts of each

segment. This was the reason for adding two data points on the inter-
section between a cross section and a segmenting plane for overlap

areas: to define the boundaries of these segments. Analogously, a

cross section is added by program POLISH to the bottom of the thorax,

the top and bottom of the abdomen, and the top of the pelvis, firmly

defining the boundaries of these segments.

Program POLISH actually creates only two new cross sections:

one lies in the plane separating the thorax from the abdomen, and the

other lies in the plane separating the abdomen from the pelvis. The

cross section created between the thorax and the abdomen is construc-

ted to be the weighted average of the bottom-most cross section of

the throax and the topmost cross section of the abdomen. Similarly,

the cross section created between the abdomen and the pelvis is con-

structed to be the weighted average of the bottom-most cross section

of the abdomen and the topmost cross section of the pelvis. The

weight factors used reflect the proximity of the two cross sections

used in the average to the cross section being created. Details of

the computations performed to construct these two cross sections are

given in Appendix B.

After the cross section is created between the thorax and the

abdomen, it is written out immediately following the data for the old

bottom-most cross section of the thorax. Its cross section number

being one greater than the old bottom-most cross section, making the

created cross section the new bottom-most cross section of the thorax.

This created cross section is then written out a second time with a

cross section number of one, making it the first cross section of the

abdomen. All original cross sections of the abdomen are then written

out with their cross section numbers increased by one. The cross
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section created between the abdomen and the pelvis is then written out

twice. The first time it serves as bottom-most cross section of the

abdomen, and the second time as first cross section of the pelvis,

with all cross section numbers appropriately adjusted.

2.3.3 Preparing a Heading for the Data

Program POLISH performs one other major task: the creation of a

header for the final form of the data. This header consists of the

identification number of the subject, a list of segment names with the

number of cross sections in each of these segments, and a list of the

names of the 76 anthropometric landmarks along with the coordinates

of these landmarks. The subject number is simply the sequence number

of the data as recorded by TIRR (i.e., data for subjects 1 through 59).

This task (preparation of the header) is actually performed

first, but when it is done consideration must be made of the changes

which will be made to the data by the remainder of program POLISH.

That is, the number of cross sections associated with some of the

segments will be altered by program POLISH. In particular, the num-

ber of cross sections associated with either of the upper arm seg-

ments after POLISH is run is equal to the number of cross sections

in that upper arm prior to processing by POLISH, plus the number.of

cross sections in the shoulder flap that it is combined with. Also,

the number of cross sections associated with both the throax and

pelvis is increased by one, and the number associated with the ab-

domen is increased by two, in order to reflect the cross sections

that are created by POLISH.

Once program POLISH has completed execution the data set for

a subject is in a completed form which is ready for analysis of in-

ertial properties. A heading is available to provide useful informa-

tion to any program performing such analysis. The entire data set

is completely separated into 19 segments, with clear definitions of

the boundaries of all segments.
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2.4 CONCLUSION

Programs SGMNTS, FLAPS, and POLISH were used to prepare the

TIRR data for processing by the analysis routines discussed in Sec-

tion 3. The output of program POLISH was directly usable by the

analysis routines for all but three of the data sets. Special treat-

ment was required for these data sets.

The forty-eighth data set contained one data point in the last
cross section of the left foot, that was erroneously recorded by TIRR.

This data point was over 60 cm to the left of any other point in the

cross section. For that reason it was removed.

The entire first cross section of the left upper arm of the
forty-first data set was also removed. This cross section contained

three data points one of which was originally part of the TIRR head-

trunk segment (and later the left shoulder flap). The other two

points were added by program FLAPS (by the method described in Appen-

dix A). The one original point was co-planar with the segmenting

plane separating the left shoulder flap from the thorax. Thus, the

two added points were co-linear with this point, which resulted in

the first cross section of the left upper arm being one dimensional,

instead of two. The method used to compute inertial properties from

the stereophotometric data, require calculation of the area of each

cross section, which is not possible for a one dimensional figure.

The simplest solution to this problem was to remove this cross section,

which was done.

The thirty-seventh data set contains a cross section which lies

in the segmenting plane, separating the abdomen from the pelvis. Thus,

there was no need to create a cross section here. The one that was

created was removed (both as the last cross section of the abdomen

and as the first cross section of the pelvis) and the existing cross

section was duplicated, so that it could serve as the bottom-most

cross section of the abdomen, and the topmost cross section of the

pelvis.
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SECTION 3

ANALYSES PERFORMED ON SEGMENTED DATA

The development of a computer program to calculate inertial

properties for each of the 19 segments shown in Figure 3 was performed

by members of the AFAMRL/BBM. The resulting computer program was

entitled IMPED. Work done under this contract (F33615-78-C-0504)

provided further analysis of both the segmented data and the results

obtained from the inertial analysis. The computer routines to do

this further analysis took the form of subroutines, which were append-

ed to IMPED. Thus running the combined program produced a very detail-

ed analysis of the segmented data. Results of the analysis for a

typical data set are listed in Appendix I.

The specific analyses performed are listed and detailed in Para-

graphs 3.1 to 3.6. A listing of the subroutines used to perform these

analyses may be found in Appendix H. Also in Appendix H is a listing

of the block data area used to supply data to these subroutines.

3.1 READING OF HEADER AND CONVERSION TO GLOBAL AXES

Subroutine RfTBL1 was written to read in the header prepared
for the data sets by program POLISH (see Paragraph 2.3). The data
read in is stored so that it is available to the calling program,

IMPED, as well as other subroutines written under this contract.

Subroutine RWTBLI also determines the transformation necessary to

convert anthropometric landmarks and body surface data points to

the global axis system, used by McConville et al. (1980).

The axis system used by TIRR in preparation of the stereophoto-

metric data and throughout the segmentation process was based entirely

upon the room in which the photographs to be digitized were taken.

Subjects were placed in the room so that roughly X pointed to the

right of each subject, Y to the front, and Z upward. The global axis

system, defined by McConville et al. (1980), like the system used by

TIRR used the standing surface as the XY plane with Z upward. The Y

axis of the global system was defined by the projection of the line

segment connecting the left and right anterior superior iliac spines
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(ASIS) onto the standing surface, with positive Y pointing towards
the left side of the body. The origin of thc global system is the

midpoint of this projection. The positive global X axis points to-
wards the front of the body, making this a right handed system.

Subroutine RWTBL. computes the transformation necessary to con-
vert coordinates from the axis system used by TIRR to the global sys-

tem of McConville. RWTBL1 then applies this transforatton to each
of the landmarks, writing the resulting coordinates out in the form

shown in Table 1 of Appendix I. The data necessary for the transforma-

tion is also stored so that it may be used by the calling program,

IMPED, to convert the coordinates of cross section data points to the

global axis system, as these coordinates are read in.

3.2 CALCULATION OF INERTIAL PROPERTIES FOR COMBINED SEGMENTS

In addition to computing results (inertial properties, etc.) for
the 19 segments shown in Figure 3, results are also computed for six

additional segments, which are specified combinations of the 19 ele-

mentary segments. These six additional segments are listed and de-'

fined in Table 3. Subroutine COMBMI controls the sequencing of com-

putations necessary to compute inertial properties for these combined

segments from the inertial properties of their component segments.

These computations are based upon the parallel axis theorem. The re-

sults are stored temporarily to be written out at a later time.

3.3 LOCATING THE ANATOMICAL AXIS SYSTEM

For each body segment (including the combined segments) an ana-

tomical axis system is defined. The definitions are based upon sub-

sets of the 76 anthropometric landmarks located on or near the associ-

ated segment. Because anatomical axis systems are defined in this way,

their orientation varies with the orientation of the associated seg-

ment. Thus, by measuring quantities relative to an anatomical axis

system, the effect due to subject-to-subject variation of segment

orientation is at least minimized, if not eliminated.
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TABLE 3

COMBINED SEGMENTS - LISTING AND DEFINITION

BODY SEGMENT COMPOSED OF SEGMENTS

Right Forearm Plus Hand Right Forearm

Right Hand

Left Forearm Plus Hand Left Forearm

Left Hand

Right Thigh Right Hip Flap

Right Thigh Minus Flap

Left Thigh Left hip Flap

Left Thigh Minus Flap

Torso Thorax

Abdomen

Pelvis

Total Body All Segments
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Anatomical axis system definitions take the form:

XY plane - A, B, C

YZ plane - D, E

XZ plane - F

where A, B, C, D, E, and F are anthropometric landmarks. These defini-

tions may be interpreted as saying that the plane defined by the three

points, A, B, C, contains the X and Y anatomical axes. A second plane

perpendicular to this first one, and containing the points D and E,

also contains the anatomical Y and Z axes. The plane containing the

X and Z anatomical axes is perpendicular to these first two planes

and also contains the point F. This is a sufficient definition to

locate the origin of the system and the X, Y, Z axes, but not their

positive or negative directions. Adding the conventions that Z posi-

tive will be the direction most nearly upward, X positive the direction

most nearly forward, and Y positive the direction most nearly pointing

to the subject's left (the axis systems are defined so that there will

be no ambiguity in applying these conventions) completely defines

these axis systems.

The XY, YZ, and XZ planes may be interchanged in the actual de-

finitions indicating the same interchanges in the interpretation.

These definitions are listed in Table 4. The details of the computa-

tions necessary to locate the origin and determine the direction co-

sines of each anatomical axis system, relative to the global axis sys-

tem, are given in Appendix C. The subroutine written to control the

computation of the anatomical axis system locations has been named

ANATOM. Typical results of running this subroutine are given in Tables

5 and 6 of Appendix I.

3.4 DETERMINATION OF THE PRINCIPAL AXIS SYSTEM

In addition to the global and anatomical axis system a third

set of axis systems is defined, the principal axis systems. A princi-

pal axis system is defined for each segment based upon the inertial

properties of that segment. The principal axis system for a segment

has its origin at the segment's center of gravity and its X, Y, Z

36



TALI 4

owi0U1 Tro0 or AATomICAL was SYT

SI-AXIS l2-AXIS

2zwT JM . DNR SZ W PL-A LUAND

Head XY Right Tragion Left Sand YZ Left Dactylion
tft traqion laft Metacarple 1I

Right Infroorbitale left Netacarpal. V
YZ Right Tragion XY Left Metacarpale 11

left Tragion Left Metcarpal. V
XI Sollion Xz Left Metacarpal. IIX

m eck XZ Mid Thyroid Cartilage Right Hip Flap YZ Right Trachanterion
Cervicale Right Lateral Femoral Condyle
Suprastetralo Right Medial Feoral Condyle

IT Mid-Point Be40een Left and xz Right Laterial Femral Condyle
Right ClaviC&le Right Trachantarion

Cervicale XY Right Trochanterion
YI Ceryxcale Right Thigh Same as Right Hp Flap

Thor"x xz Suprcaternale minus Flap
Cervical*
10th Rib Mid-Spine Right Calf YZ Right Tibiale

YZ cervical@ Right Sphyrxon

10th Rib Mid-Spine Right Lateral salleolus

XI 10th Rib Mid-Spine xz Right Sphyon
Right Tibiale

Abdcmn XY Left 10th Rib p Right Tibiale
Right lth Rib
10th Rib Kid-Spine Right Foot IT Right Metatarsal I

YZ Left 10th Rib Right Metatarsal V

Right 10th Rb Right Posterior Calcaneous

x 10th Rib MLd-Spine X Right Toe II
Right Posterior Calcaneous

Pelvis YZ Left ASIS YZ Right Metatarsal I

ipghtysXS Left HLp Flap YZ e4ft. TrochanteArion

XY Lipt ASlS Left Lateral Femoral CondyLe

Right ASXS 12 Left Medial Femoral Condyle

Xz Poseior Superor lac efLateral Femoral Codyle

KteidtSpi Left TrochanterionMid-Spine XY Left Trochantarion

Right Upper Aram YZ Right Acroiale
Right Medial Numeral epicondyle Left Thgh SFml as left Rip Flap

Right Lateral Numral Epicondyle

xI Right Acroiale Left Calf YZ Left Tibiale
Right lateral Humral Epicondyle Left Sphyrion

XY Right AcroLale left Lateral Malleolus

Right Forearm YZ Right Ulnar Styloid x2 Left Sphyrion

Right Radial Styloid IT Left Tibale
Right Radiale

Xz Right Ulnar Styloid Left Foot X tAft Metatarsal I
Right Radiale tft Metatarsal V

XI Right Radiale Left Posterior Calcaneous

Right Hand YZ Right Dactylion xz Loft Too 11

RightMetacrpals11tLft Posterior Calcaneous
Right Metacarpale U YZ Left Metatarsal I
Right Metacarpale V

IT Right Netacapale I Right Forearm Same as Right Forearm

Right Netacarpale v plus RA
12 Right Metacarpale 22 Pu Bn

Left Upper Am YZ Loft Acranile Left Forearm Sm as Left Forearm
tAft MediL HUNNeral EpLcoadyle Plus Rad
Loft Lateral Numeral Epicondyle

X1 Left Acromiale Right Thigh Sm as ight Hip Flap

Left Lateral Numeral picondyle

XY Loft Acroeiale Lft Thigh Samm as eft Hip Flap

Left rorearm YZ Left Maiar Styloid
Left Radial Styloid Tore Sm as Plis

Loft Rada.Le
Left Ol StYloid Total Bdy Sa m a Pelvis

Left Radial*
XY Left Ridiale
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axes coincide with the three directions associated with the principal
moments of inertia. Additionally the principal axes are to be a
right handed system. Assigning a right handed axis system to three

orthogonal directions can be done in one of 24 ways. The actual
assignment of axes chosen is the one that has the closest alignment

with that segment's anatomical axis system. Once this principal axis
system has been defined, the already-calculated principal moments
of inertia can be assigned the names, X, Y, and Z principal moments,
accordingly. The details of the algorithm used to fix the principal
axis system to one of the 24 possibilities are listed in Appendix D.

Subroutine ALIGN, listed in Appendix H implements this algorithm.
With this process complete the principal moments of inertia and the

direction cosines of the principal axis system are written out form-
ing Tables 3 and 4, which are listed in Appendix I.

3.5 TABULATION OF HEIGHT VERSUS VOLUME

Interest has been expressed in the percentage of total body
volume contained between two arbitrary horizontal planes. In order

to provide this data, subroutine HTVSVL was written to control the
computations necessary to produce a table of percent of body volume

contained between the floor and a horizontal plane at specified heights.
Table 15 of Appendix I gives results typical for this table. Details
of the computations performed are given in Appendix E.

3.6 MISCELLANEOUS ROUTINES

Appendix H gives listings of all subroutines written under this
contract which became a part of program IMPED. In addition to those
mentioned there are subroutines to compute the coordinates of the land-

marks, segment centers of gravity, and segment anatomical origins in

each of the three (global, anatomical, and principal) axis systems.

Also there are routines used to simplify the output of data in table

form, and other activities necessary to produce the set of tables pre-

sented in Appendix I.
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APPENDIX A

ADDITION OF DATA POINTS TO A CROSS SECTION

This appendix is an example illustrating the computations in-
volved in examining a cross section. Computations such as those to

be illustrated are carried out both in program SGMNTS and in program

FLAPS. Procedures illustrated include computation of dot products

and addition of two data points to the cross section. Data points

used belong to a cross section in the overlap area between the head
and the neck of the eleventh data set. Coordinates of data points

used in this example are relative to the axis system used by TIRR

(X and Y point approximately to the subject's right and front, respec-

tively, and Z points upwards), and are measured in centimeters. The

common Z coordinates of these data points is 153.95, their X, Y co-

ordinates are listed in Table 5.

The normal to the plane separating the head from the neck is de-

fined to be the cross product of two vectors both originating at the

left gonion (L39), one going to the right gonion (L40 ), and the other

to the nuchale (L1). For the eleventh data set these landmark points

have coordinates

L39 M (Z 39x' i39y1 139 z) = (41.50, 0.76, 153.10)

L40 = (52.69, 0.55, 153.16)

L1 = (46.92, -9.20, 156.65)

which give the normal to be

N = (n1 , n2, n3) = (L4 0-L3 9) x (L1-L39) = (0.148, 39.40, 110.3)

The segmenting plane is further defined to contain the left gonion.

Thus when a data point (xi, Yij' zi)' is compared to this segmenting

plane, dot products are constructed to be

d - n1 (xij-139x) + n(Y -39y -39 z
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TABLE S

DATA POINTS USED IN APPENDIX A EXA-PLE

,146 39. 399 118.314 x SEGMENTING PLANE NORMAL
.1.50 .76 153.10 a PLANE OEFINITION PT.

153.95 a COMMON Z COORDINATE OF CROSS SECTION

POZNT# X y DOT PRODUCT SEGMENT

1 .1.06 -1.59 1.114 HEAD
2 41.35 -3.08 -57.546 NECK
3 42.25 -4.66 -119*666 NECK
4. 43.23 -6.20 -180.196 NECK
5 'S.oo -6.91 -207.908 NECK
6 47.35 -7.35 -224.896 NECK
7 4.4.2 -6.96 -209.224 NECK
8 50.91 -5.93 -168.423 NECK
9 52.10 -4.87 -126.463 NECK

10 52.95 -3.47 -71.199 NECK
11 53.26 -2.22 -21.904 NECK
12 53.61 1161 129.044 HEAO
13 53.38 3.38 196.750 HEAD
14 SZ.16 5.89 29T.462 HEAD
Is 50.57 ?.29 352.386 HEAD
16 48,70 8.45 397.613 HEAD
17 47.16 9.22 427.922 HEAO
18 .5.21 8.96 417.390 HEAD
19 43.42 70.7' 369.*08 HEAD
20 42.23 6.69 327.513 HEAD
21 41.12 S.31 272*978 HEAO
22 40.66 3.29 193.326 HEAD
23 40.63 1.63 127.916 HEAD
24 0. 63 1.63 127.916 HEAD

ADDED POINTS$
41.07 -1.62 153,9S
53.31 -1.66 153.95
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The results of the dot product computation for each data point in the

cross section are shown in Table 5. Those with negative dot products
are stored to be written out later as part of the neck segment, the

remainder are written out immediately as part of the head segment.

Reading through the dot products in Table 5 from top to bottom

there are two pairs between which the sign of the dot product changes.
These are points number 1 and 2, and points number 11 and 12. In all

cases of a cross section with data points belonging to two segments,
there will be two places of sign change like this (based on the fact
that data points are listed in order around the cross section), al-
though in some cases to find both sign changes the list must be con-

sidered circular (i.e., the first data point must be considered to
follow the last). For each of these pairs of points a line segment

is constructed between the two members of the pair. At the inter-
sections of the segmenting plane and each of these line segments the
two points to be added to the cross section are located. This is

shown graphically in Figure 5.

Consider two points (xI , YI, z0 ) and (x2, Y2' z0) in some cross
section, such that they are adjacent points in the cross section and

their resulting dot products are opposite in sign. All points on the
line connecting these two points may be expressed by

x (l-X2 ) (x-xl) + YI' 0) (A.l)

with x variable. Let the segmenting plane they are being compared to

have a normal vector with components (nI , n2, n3) and defining land-

mark ( 2  y' z, Then all points (x, y, z) lying in this plane

nl(x -R) + n 2(Y-£y) + n ( z 0. (A.2)

In order to find the intersection between the line (A.1) and the plane

(A.2), (A.1) is substituted into (A.2).
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Z =Z 153.95

0

O' Points BelongingLa / To Head

0

Added Point Added Point SegmentIng ?lane

Points Belonging
To Neck

40.50 4.3.00 4j.50 46.00 50.50 53.00 55.50
x

Fiqure 5. Addition of Data Points at Intersection
Between Segmenting Plane and Horizontal
Plane Containing Cross Section.
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n1 (x-tx ) + n2 ((ji )lY (X..X) + + fl3 =+on

(A. 3a)

Solving for x and simplifying gives

n3 ( z) (Xl-X 2 ) + nX(XX + Xn 2 (Y-y 2 ) + n2 (Z -Y1 ) (Xl-X 2 ) (A.3b)
n 1 n(X 1-X 2 + n 2(Yl-y 2)

Note that since the segmenting plane passes between the two points,

the denominator of A.3b will never be zero. The X coordinate of one

of the points to be added is given by (A.3b); the Y and Z coordinates

of this point may be found by substitution back into (A.1). The two

points to be added to the cross section in the example are listed in

Table 5.
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APPENDIX B
CREATION OF A CROSS SECTION

Cross sections are created by program POLISH and added in the
planes of segmentation separating the thorax from the abdomen and the

abdomen from the pelvis. This appendix uses the creation of the cross

section between the thorax and the abdomen of the eleventh subject's
data set as an example of this process. As in Appendix A the coordi-

nates used in this example are relative to the axis system used by

TIRR and are measured in centimeters.

For subject 11, the data output by FLAPS lists the last cross

section of the thorax as having Z coordinate, Z= 109.92. The first
cross section of the abdomen has Z coordinate, Z = 107.89. The seg-

menting plane separating the thorax from the abdomen is a horizontal

plane passing through the 10th rib midspine landmark point, which has
Z coordinate Z0 = 108.13. The cross section to be created will have
this Z coordinate. It will be constructed as an average of these other

two cross sections. The coordinates of the data points contained in

these two cross sections are listed in Table 6. The amount of in-

fluence each of these cross sections has in the averaging will be de-

pendent upon its relative closeness to the cross section being created.

Thus two weight factors are computed.

W 1 Z-- 0.118 and w2 = Z 0.882. (B.1)

These will be used throughout the computations.

All X coordinates of the last cross section of the thorax are

averaged, as are the Y coordinates of this cross section, and the X

and Y coordinates of the first cross section of the abdomen, yielding

XI' Y1, X2 Y2 respectively. An overall center for these two cross

sections (X0 , Y0), then is computed as

X0 = W X1 + w2X2  and Y0 - w1Y1 + w2 2 " (B.2)
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This pair of values will be used for transformation to polar coordi-
nates, and, for this example, are listed in Table 6.

Ignoring Z coordinates and using (X0, Y0) as a center, polar
coordinates are computed for each data point in the two cross sections.
For later computations it is necessary that within each cross section,

data is stored with increasing values of angle. Table 6 lists the
polar coordinates of the data points, and is constructed so that angles
are in ascending order. Figure 6a graphically shows the polar coordi-
nate form of the data points in the last cross section of the thorax.

The next step performed in order to create a cross section be-
tween the thorax and abdomen is to fit a spline to both sets of polar

coordinates. The fitting of a spline involves what can be an arbi-
trary decision about end point conditions of the data. Generally this

takes the form of specifying the derivative the spline will take on at

each end point. Since the data the spline is being fit to are the
polar coordinates of data points that form a closed loop, in polar
coordinate form the radius is a periodic function of angle, with period
2w. Making use of this fact, data points may be extended in either
direction, thus lessening the effect of the chosen end conditions on

the original portion of the data. As is shown in Figure 6b data

points are extended one half period plus one point to the right and
left of the original data, for the last cross section in the thorax.
This same procedure is also applied to the first cross section of the

abdomen. The extended data points for both are listed in Table 7.

Even though the data points have been extended to the left and
the right, some values still must be used for the end conditions.

These are computed by interpolating the last three and the first
three (extended) data points of both cross sections with a parabola.

For any one such set of three points (61, r1 ), (2, r2), (63' r3) the

equation of the parabola through them is

(8-62) (e-e 3 ) (e-e 1 ) (8-63) (6-61) (1-62)
r(O) (80) + r+-) r3(e1 - 2) (61_83) r1  (02-6l) (62_83) r 2 + (03-k)(63_82) r

(B.3)
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(a)

(b) ..
9 

0 09

oe •0 . -. 0 • 0', ,9 9 " ... "

io

(b) . *** .9

* -v AM6LE

Figure 6. Successive Steps in the Creation of a Cross Section
Between the Thorax and Abdomen of Subject 11.

(a) Polar coordinate for.m of data points in bottom-n st
cross section of thorax.

(b) Data points extended on-half period plus one point
to the left and right.(c) Parabolas and their tangents used to determine end

conditions of the spline.
(d) Spline fit to data and new data points determined

by spline.
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Evaluating the derivative of this parabola then at e2 gives

r = 2( r1  + r 2  r 3
2 2(V 9l-2) (e1-e 3) ( 2 - 1 ) (e 2 -e 3 ) ( 93- 1 ) )( 3 - 2))

( 2+e3 ) r1  (e 1 +e 3 ) r2  ( 1 +8 2 ) r3
- 81-e 2) (8 1 -e 3 ) (8 2 -e 1 ) (8 2 -e 3 ) + (8 3 -e 1 ) (63 _%2 )) (B.4)

Using this equation, derivatives of parabolas through all four

sets of three points may be computed, with the point intermediate of

the other two, in each case, supplying the values for (62, r2 ). The

results of these computations are given in Table 7 as well as graph-

ically, for the last cross section of the thorax only, in Figure 6c.

Splines may now be fit to each set of data, first deleting the two
extreme end points of each cross section, and then supplying the com-

puted values for derivatives of the parabolas, as the first derivative

of each end point of the splines.

A set of angles, {i}, are next constructed. The first angle

in this set is constructed to be the weighted average of the first

angle in each cross section. The number of angles in this set, No,

is set to be the weighted average of the number of data points in the

two cross sections

NO =W1N1 + W2N 2

where N0 is rounded to the nearest integer. The remainder of this set

of N0 angles is then constructed from the recursive relation

2w

e ei- + i ' i =2, 3, ... N

These angles will be used in the polar coordinates of the data points

of the created cross section, and are listed in Table 6.
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Both splines are then evaluated at each one of the angles in

this set, resulting in two sets of radii {ri} and {r.}, the former set

being evaluations of the spline corresponding to the last cross sec-
tion of the thorax, and the latter set from the spline for the first

cross section of the abdomen. The set of points (il r.) is illus-

trated in Figure 6d, along with the spline used to compute the ri.1

The weighted average is then taken of these two sets of radii,

component-wise, resulting in a third set of radii {r0}. That is
1

0 1 2
r? = w r. + w r i N1 12 2i'0

0
The ordered pairs ( r i) then form the polar coordinates of the cross

section being created, and for the example are listed in Table 6.

Converting these polar to rectilinear coordinates, relative to (X0 ,

Y0 ) then supplies the data points for the new cross section.

This resulting data set is then written out twice, once as the

last cross section of the thorax and again as the first cross section

of the abdomen. The relationship between the created cross section

and the two cross sections used in its creation is shown in Figure 7.

A process analogous to the one outlined is followed in order to

create a cross section between the abdomen and the pelvis.
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APPENDIX C

DETERMINATION OF ORIGIN AND DIRECTION COSINES
OF SEGMENT ANATOMICAL AXIS SYSTEMS

As can be seen in Table 4 none of the anatomical axis system de-

finitions use six unique landmarks to define the anatomical axis sys-

tems, but instead repeat some landmarks. For generality, though, no
assumptions about repeated points will be made in the development of

equations to locate the anatomical axis system; rather, each of the

six points will be treated as unique.

Notation to be used in the development of these equations in-

cludes using the capita] letters A-G (including Gi, G2) to denote

points in three space. The coordinates of these points, measured in

the global axis system, are denoted by lower case letters with the

subscripts 1 through 3. For example A = (a1, a2, a3). In particular

the letters A through F are the anthropometric landmarks used to de-

fine the anatomical axis system. N xy, Nyz, and Nxz denote the normal
vectors to the anatomical XY, YZ, and XZ planes respectively. The

components of these vectors are denoted by subscripts of 1, 2, 3 for

first, second, and third component, respectively. For example Nxy =

(N xy, ,N ).

Let a general anatomical axis system be defined as

XY A, B, C

YZ D, E

XZ F

From the definition the following statements may be made:

" the anatomical XY plane contains the points A, B, C

* the anatomical YZ plane contains the points D, E

" the anatomical XZ plane contains the point F.

The result is immediately obtainable that
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N = (A-C) x (B-C)
Xy II(A-C) x (B-C) 11

Since N is normal to N and to any vector in the YZ plane, theyz xy
following equations result:

Nyz " Nxy = 0, (C.1)

N z (D-E) = 0. (C.2)yz

From (C.1) the function g is defined as

N N + N N
yz2 xy2  yz3 xy3g(Nyz N )N=-N-N

yz2 , YZ3  yz1  - Nxy 1

(C.1) and (C.2) may be solved simultaneously yielding the function f

N [N (dx-ex ) + (ez-d)]yz 3 Nxy 3  xNxxy I Z
fNN %= 1f(NYz3  " 2 [NXY2 (e x-d x ) + Nxy I (d Y-ey)

Consider then the vector (g(f(z), z), f(z),z), for any value of

z # 0. This vector has the same direction as Nyz , changing - changes

only the magnitude of this vector and not its direction (since f and

v are linear functions). Then there exists z such that

i l(g(f(z 0) ,z 0 ) , f(z0 ) , z0 )) II = 1. Using z0 then

Nyz  (g(f(z0),Z0 ), f(z 0 ),z 0 ).

yZI

Next let G be any point on the anatomical Y axis. Then

(G-D) • Nyz - 0 (C.3)

(G-C) NW - 0. (C.4)
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From (C.4) the function hI is defined as

C"Nxy Nxy 2 gy-Nxy 3gz

h 1 (gy' gz) x = N

(C.3) and (C.4) may be solved simultaneously yielding the function h2( N Nxy I  _ N xY Nyz31

h2 (g) = g y 
N N

xy2  Nyzi

Thus for any z, (hI(h2 (z),z), h2 (z),z) are the coordinates of a point

on the Y axis. Using this 3-tuple, two points, G1 and G2, may arbitrar-

ily be chosen on the Y axis:

G 1 = (h 1 (h 2 (0),0) , h2 (0),0)

G2 (h 1 (h 2 (1),l) , h 2 (1),l)

The equation of the Y axis in three space may then be written

Y = G1 + t (G2-G 1 ),

where t is a parameter.

The Y axis is perpendicular to the XZ plane. Thus any point S

on the Y axis, such that the vector from F to S is perpendicular to the

Y axis, lies in the XZ plane, making S the origin of the axis system.

The perpendicularity requirement is satisfied if

(F-S) • (G 2 -G1 ) = 0 , (C.5)
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and since S is on the Y axis there is a particular value of the

parameter t (say t0 ) in the equation of the Y axis such that

S = G1 + t0 (G2-G1). (C.6)

Slc\-Kn (C.5, and (C.6) simultaneously gives

(F-GI) (G2-GI)0 (G2-GI).(G 2 _GI)

The final result needed to completely specify the anatomical axes

system is

Nxz = Nxy x Nyz

In application of this method one problem has been encountered.

This occurs when the anatomical Z axis is perfectly aligned with the

global Z axis (N = (0, 0, 1)). In this situation the f, g, hI , andxy 0
h functions all degenerate to situations. In order to avoid this
problem, after N has been computed it is checked to see if any of

xy
its components are greater than 0.99. If not, computation proceeds as

normal. If there is such a component the coordinates of the defining

landmarks are converted to an axis system which is a rotation of the

global axis system, the rotation being 30 degrees about the vector

(1, 1, 1). After this is performed computations are restarted and

proceed as normal. When the resulting origin and direction cosines

are obtained they are with respect to the rotated system, and thus in

these cases, the reverse rotation must be applied to the results,

giving the final results desired.

Referring to Table 4, it is obvious that not all anatomical axis

systems are defined in exactly the same way as the one used in develop-

ing these equations. In fact there is a total of six different basic

configurations, each of which is listed in Table 8. The equations

developed, however, may be applied directly to anatomical axis system

definition, by ignoring the names associated with the axes.
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TABLE 8

ARRANGEMENT OF NORMAL VECTORS INTO THE
DIRECTION COSINE MATRIX OF SEGMENT ANATOMICAL AXES

WITH RESPECT TO GLOBAL AXES

CONFIGURATION OF ANATOMICAL PLACEMENT OF NORMAL VECTORS
AXIS SYSTEM DEFINITION INTO DIRECTION COSINE MATRIX

XY A, B, C N * Row 3XY
YZ D, E Nyz Row 1

XZ F NXZ Row 2

XY A, B, C N Xy ROW 3

XZ D, E Nyz Row 2

YZ F Nxz ROW 1

YZ A, B, C N * Row 1

XY D, E Nyz Row 3

XZ F NXZ Row 2

YZ A, B, C N - Row I

XZ D, E Ny Row 2

XY F NXZ * Row 3

XZ At B, C Ny * Row 2

XY D, E Nyz * Row 3

YZ F NXZ ROW 1

XZ A, B, C Ny * Row 2

YZ D, E Ny ROW 1

XY F NXz ROw 3

56



The normal vectors resulting from the computations form the
direction cosine matrix of that segment's anatomical axes with
respect to global axes. It is here that the different configurations
of the anatomical system definitions have their effect. Each normal
vector becomes a row of the cosine matrix. The row the normal vector
is placed in is determined by the particular anatomical axis system

configuration (see Table 8).
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APPENDIX D

DETERMINATION OF PRINCIPAL AXES

For each segment an inertial tensor is computed based on its
volume distribution. The three eigenvalues of this tensor are the
segment's principal moments of inertia. Associated with each eigen-

value is an eigenvector. These three vectors when normalized, are

the rows of the direction cosine matrix of the principal axes with
respect to the global axes, referred to as DPG. The order that these
vectors are placed in the direction cosine matrix is chosen so that

the principal axis systems defined have the best possible alignment
with the anatomical axes of the same segment.

TPost multiplying DPG by (DAG) , the transpose of the direction
cosine matrix of the anatomical axis system of the same segment with

respect to global axes, results in DPA, the direction cosine matrix

of the principal with respect to anatomical axes. The first diagonal

element of DpA is the cosine of the angle between the anatomical X
vector and principal X vector. Similarly, the other two diagonal

elements are the cosines of the angles between the anatomical and
principal Y and Z vectors. Thus, if the largest element of each row

of DPA is on the diagonal, the eigenvectors have been placed into
DPG in proper order to align the two axis systems.

The method used to arrange eigenvectors into DpG, is based on
placing the eigenvectors into a matrix, A, in arbitrary order. The

matrix product, B = A (DAG)T is computed. Rows of B are then inter-
changed so that, if possible, the largest element of each row is on
the diagonal. The product relationship between B and A is maintained
if identical row interchanges are performed on A. If it is possible

to place the largest element of each row of B on the diagonal, the B
and A matrices resulting from these interchanges are DPA and DPG'
respectively. This is not always possible, though, since in a few

cases, two rows of B will have their largest element in the same
column. The following algorithm has been developed to handle all

possible cases:
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(1) The normalized eigenvectors are arranged as the rows of a

matrix in arbitrary order. Call this matrix A.

(2) This matrix is post-multiplied by (DAG)T Call the product

matrix B.

(3) The element of B with largest absolute value is determined.
Let the position of this element be row i, column j.

(4) The jth row of the matrix DPA is filled from the ith row of

B. Likewise, the jth row of DPG is filled from the ith row
of A.

(5) Next, four positions of B are examined. These are the four

elements of B not in row i and not in column J. Of these

four values the one smallest in absolute value is chosen,

say that its position is row k, column £.
(6) Row k of B cannot be placed in row j of DPA since this row

is already filled, nor can it be placed in the Lth row
since this would give the worst possible alignment with the
anatomical axes. Thus row k of B is placed in the only

other row, row m. Likewise row k of A is placed in row m
of DPG. There is one row remaining unused in both A and B.

These are placed in row 9 of matrices DPG and DPA, respec-

tively.

(7) DpA is now examined to see if all diagonal elements are
positive. For any diagonal elements that are negative,

the entire row containing that diagonal element is multi-

plied by -1. The same row of DPG is then also multiplied

by -1.

DpG which results from this process, is the direction cosine
matrix of the segment principal axes with respect to the global axes.
DpA, which is also a result of this algorithm, is the direction cosine
matrix of the segment principal axes with respect to the segment ana-

tomical axes. The principal moments then take the name (i.e., X, Y,
or Z) that their associated eigenvector has been assigned by this
method.
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APPENDIX E
PRODUCING TABLE OF (%) HEIGHT VERSUS (%) VOLUME

In the inertial analysis procedure a height is associated with

each cross section. A volume is then computed to be associated with
each cross section, as the volume of a right cylinder with this height
and end surfaces identical to the cross section. If the Z coordinate
of some cross section is Z0, its assigned height h, and computed vol-

ume, v, the volume v is evenly distributed between Z + h and Z-

In order to produce the table of height versus volume, the total
height of a subject is divided into 200 intervals each of height Ah.
A data storage location is associated with each of these height inter-
vals. The storage locations are numbered from 1 to 200 and are ini-

tialized to zero. The volume associated with each cross section is
then distributed between the storage locations associated with the
same vertical interval as the cross section. The end result of this
process is the measure of the total volume of a subject's body located
vertically between (i-l)Ah and iAh is stored in storage location i.

For the cross section mentioned, with Z coordinate Z0 and height

h, n is determined such that

(n-I) (Ah) < Z - ! < n (Ah)
0 2

Then to storage location n,

n(Ah) - (Z - )
0 v

h

is added, where v is the volume associated with the cross section.

Additionally a value m is determined such that

h
(m-l)Ah < Z 0 + < •m (Ah).

This time
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Z + h _ (m-1)- h

ah v

is added to storage location m. For each storage location between n
h.

and m, hS v is added. This process is repeated for each cross sec-

tion.

The resulting storage locations contains the total amount of

volume the subject's body has within each interval that is 1/2 percent

of total height. The choice of 200 intervals was somewhat arbitrary,

more intervals could have been used. This would have little effect

upon end results, though, since spacing between cross sections is

generally greater than 1 percent of total body height.

The values contained in the storage locations upon completion

of this process can be used to produce a table of accumulated body

volume up to specified points. This is done by summing the contents

of all data storage locations corresponding to height intervals below

those points.
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APPENDIX F

SOURCE LISTING OF PROGRAMS SGMNTS, FLAPS, AND POLISH

C PROGRAM SGNTSamsasaaasaaassta..ausmsmmmm auamsu..ss...as.us.
C
C
C PROGRAM SGMNTS IS THE FIRST IN A SERIES OF THREE SEGMENTATION

C ROUTINES. USED TO REGROUP BODY SURFACE DESCRIPTION DATA POINTS INTO

C DATA POINTS DESCRIBING THE SURFACE OF 19 DIFFERENT BODY SEGMENTS.
C SGMNTS RECEIVES DATA POINTS PRODUCED BY STEREOPHOTOMETRY AND GROUPED

C INTO S SEGMENTS AND REGROUPS THIS DATA INTO A TOTAL OF 1? SEGMENTS.
C THE REMAINING SEGMENTATION IS LEFT TO BE DONE BY THE OTHER SEGMEN-
C TATION ROUTINES.

C

C SGMNTS READS FROM TAPE? THE BODY SURFACE DATA POINTS GROUPED INTO S

C SEGMENTS. IT ALSO READS FROM INPUT THE NUMBERS TO BE ASSOCIATED
C WITH THE DATA SETS THAT ARE SEGMENTED. THIS INPUT IS IN THE FORM:

C BEGINNING NUMBER, STOPPING NUMBER. AND INCREMENT. THESE NUMBERS
C ALSO DETERMINE HOW MANY DATA SETS WILL BE PROCESSED. THE DATA

C POINTS GROUPED INTO 17 SEGMENTS ARE WRITTEN OUT TO TAPES. THE
C NUMBERS READ FROM INPUT ARE WRITTEN TO TAPES ALONG WITH THE NUMBER

C OF CROSS SECTIONS PER EACH NEW SEGMENT.

C COMMON AREAS

C
C... /PLANE/--DATA PERTAINING TO ONE Of THE ORIGINAL SEGMENTS WHICH IS

c PRESENTLY BEING FURTHER SEGMENTED.
C NORM--CONTAINS THE COMPONENTS OF THE NORMALS TO EACH SEGMENTING
C PLANE.

C IDEFPT--CONTAINS THE NUMBER OF THE LANDMARK USED TO DEFINE EACH SEG-

C MENTING PLANE.
C XYZLMK--COORDINATES Of EACH OF THE 76 ANTHROPOMETRIC LANDMARKS.

C HCOL--NUMBER OF SEGMENTING PLANES.
C LSTSG--LOGICAL VARIABLE EQUAL TO PROCESSING IS NOW BEING PERFORMED
C ON THE LAST SEGMENT THE PRESENT SEGMENT IS TO BE DIVIDED INTO.

C

C... /POINTS/--DATA PERTAINING TO THE CROSS SECTION PRESENTLY BEING PRO-
C CESSED.

C X--X COORDINATES FOR ALL POINTS IN THE CROSS SECTION.
C Y--Y COORDINATES FOR ALL POINTS IN THE CROSS SECTION,
C NP--NUMBER OF DATA POINTS IN THE CROSS SECTION.

C Z--COMMON Z COORDINATE OF ALL POINTS IN THE CROSS SECTION.

C
C.../STORER/--DATA PERTAINING TO THE STORAGE OF DATA POINTS PRODUCING

C NEGATIVE DOT PRODUCTS AND SOME OTHER MISC. INFO.

C ISTRPL--NUMBER OF CROSS SECTIONS STORED THUS FAR.
C ISTORE--NUMBER Or DATA POINTS STORED FOR EACH OF THESE CROSS

C SECTIONS.
C XYSTOR--XY COORDINATES Of ALL STORED DATA POINTS.

C ZSTOR--Z COORDINATES OF EACH CROSS SECTION WITH STORED DATA POINTS.
C ISEOCT--CONTAINS THE NUMBER Or THE NEXT CROSS SECTION TO BE WRITTEN

C OUT.
c ITOTST--THC TOTAL NUMBER OF DATA POINTS STORED IN XYSTOR.

C NSEGCS--ARRAY TO BE FILLED WITH THE NUMBER OF CROSSECTIONS PER EACH

C NEW SEGMENT.
C ISEG--THE NUMBER Of THE NEW SEGMENT WHICH DATA IS PRESENTLY BEING

C WRITTEN OUT FOR.

C
C... /PLACE/--DATA PERTAINING TO THE DOT PRODUCTS COMPUTED.
C ICOL--SPECIFIES WHICH COLUMN OF PDOT IS PRESENTLY BEING USED.
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C PDOT--THC DOT PRODUCT FOR EACH DATA POINT IN THE PRESENT CROSS SEC-

C TION WITH EACH SEGMENTING PLANE or THE PRESENT SEGMENT.
C
C

PROGRAM SGMNTS (INPUT.OUTPUT. TAPE?. TAPES. TAPES. TAPE3:INPUT)

LOGICAL LSTSG. DSLCUT

REAL NORM
COMMON 1PLANEe NORM(3.6).ZDEFPT(6),XYZLMK(7I.3).NCOLLSTSG
COMMION IPOrNT!-/ X(99),Y(W9)NP.Z

* COMMON ,STORER/ ZSTRPL. ZSTORE(21).XYSTOR(2. 15l).ZSTORCig).ZSCGCTI
LITOTST,NSCGCS(ZI). ISEG
COMMON ePLACE-. ZCOLPDOT(99.6)
INTEGER NPLNS(S)

C NUMaERS or THE DATA SETS TO SE PROCESSED ARE READ ZN.

RMAD (3.11) ZSTRT.ZSTP.ZHC
WRITE (9.11) ISTRT.ZSTP.ZNC
DO 101 ZSUlzISTRT.ZSTP.ZHC
ISEG a a
0O see 1:1.21

see NSEGCS(Z) a a
DO 7 1:1.16
READ(7.S9)

7 CONTINUE

C HUMSER OF CROSS SECTIONS PER ORIGINAL SEGMENT IS READ ZN.
READ (7,7?) NPLHI
CALL iCORS (NPL14S)
DO as 1:1.3
READ (7.77)

so CONTINUE6

DO 150 ISECT :1.S
GOTO (125. iS. 160.130.266) *ISECT

1a9 CALL HOTRUNK
DBLCUT a .TRUE.

1di CALL RTARM
DULCUT a .FALSE.
0070 Ise

161 CALL LTARM
GOTO 250

Ise CALL RTLEG
GOTO as@

ass CALL LTLEG
ass NPL zNPLNS(ISECT)

ITOTST x ISEOCT s ZSTRPL 6
ICOL a1
LSYSG a FALSE.

C
C EACH CROSS SECTION WITHIN ORIGINAL SEGMENT ISECT IS PROCESSED.

DO 303 IPLANE : 1.NPL
READ (7.S) NP.Z
IF (NP.OE.1SS) STOP **X* Y, AND PDOT UNDER DIMENSIONED ZN SGM

READ (7.18) (X(L),Y(L)#L:j.NP)

CALL DOT
IF (DULCUT) CALL COMPRI
CALL SORT

366 IF (DILCUT) NCOL : COL +2
ISEG z ISEG *1
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HSCGCS lIES) aISCOCT
104 CONTINUE

&RITCS.99) NICOCI
*CAD (7.99)
If CEOf(T).C.EO) STOP -CHO Or rILE NOT rOUHD-

1066 CONTINUE

ENOPILE 5
ENOfILE 9
STOP *VROM SOMHTS-
F onmTsx.4.tex.r.m)

to rOMX1zrG.r)
11 roR11oT (315)
77 rORMAT CIX.SIS)
99 FORMAT C4X.ZIt3)

END

C SURROUTINC DOT COMPUTES DOT PRODUCTS rOR EACH DATA POINT IN THE
C PRESENT CROSS SECTION.
C
C

SUBROUTINE DOT
REAL NOR"
COMMON /PLANEe HORM(3.6). IDEFPT(6),XPI?6).YPC76).ZP(76).NCOL
COMMON /POINTSe' Xt99).Y(IS).NP.Z
COMMON /PLACE-* DUM,PDOT(99.S)
DO 166 JzINCOL
PZ zZ - ZPCIDEVPT(3))
DO 136 ZI.Hp

166 FDOTCI.S) sNommCi.sC*cci- xpcxDEVPT(3)))
a *NOftMt*.J)mCY(I) -ypcIDerpTcj)))

& *NORM(3.J)sPZ
RETURN
END
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aSUBROUTINE HDTRUNK ocrrmes PLANES SEPARATING rHc HEAD TrnuN SEGMENT

C INTO HEAD. NECK. THORAX. ABDOMIEN, AND PELVIS.

C

SUBROUT INE NDTRUNK
IMIPLICIT REAL (N)

INTEGER NCOL
COMMPON /PLANE/ NIX.NIY.NIZ,NZOX.NZOY.NZDZ.N3X.N3Y.N3Z,NdX.N4Y.NdZ
&.N2HXNZHY.N.NZH2ZMX.NZH2Y.NZHZZ.IDErPT(Bi).XP(?G),YP(7G).ZP(P6i),
&. MCDL

HCOL %
IDETPTCI3 39
IDEVPT(Z) z43
IDErPT(3) z7
IDEFPT(4) : 52
IDEfPTCS) z2
IDETPTCI) : 43

HEAD -VECTOR FROM LEFT GONION TO RIGHT GONION
RAJX: XPC48) - XP(39)
WAIY: YP(48) - YP(39)
RAlZz ZP(4S) - ZP(39)

" HEAD V ECTOR FROM LET GONION TO NUCHALE
RBIX% XPCI) - XP(39)
R3IY: YP(I) - 'rP(39)
RBIZt ZPCI) - ZPCS,)

" NORMAL TO MEAD PLANE
NIX: (RB1V a RAIZ) - CR21Z a RAIY)
NIT: -(CROuX 9 RAIZ) - (RSIZ 8 AIX))
N1Zz CRVIX 0 RAlT) - CRUIT w RAIM)

0 NORMAL TO NECK HORIZONTAL PLANE
NZNM z NZHZM 2 S.
NZHY z NZN2Y z S.
NZHZ N2KNZZ = I.

0 NORMAL TO NECK DIAGONAL PLANE
NZDM: 0
NzDY: I
NZDZ: I

* NORMAL TO THORAX HORIZONTAL PLANE
Nmax- a
N3Y-: 8
N3Z:- I

* NORMAL TO ABDOMINAL HORIZONTAL PLANE
mdx: a
H4Y:z U
N4Zz I

RETURN
ENO
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* SUBROUTINE RyAon WEINES SEGMENTING PLANES SEPARATING THlE 4IGN? ARM
C INTO AM UPPER ARM. LOWlER ARM, AND "AND.

C
S.UROUTINE *?ARN"
IMPLICIT REAL (M)
INTEGER NCOL
COMMON -PLANoE NMt5S3#)*IDEP~tf).P?6.)YPS).ZPShINCL
ESUtVALECE NC.)MN.(OM3I.I~NSM3I.It(OM

NCOI. a I
t3EV'? (1) 8 14
tDErP? cz) a a

" ST ELBOWA PLANE
" VECTOR FROM ST LATERAL NUMERAL CPICOM

C PT 11) TO XT OLECRANON CPT 14)
SAX: KP(14) - KP(I3)
Rays YP(14) - YPCIZ)
MAZZ ZP(Id) - Z(8

" VECTOR FROM AT LATERAL NUMERAL EPICON CPT la)
" TO ST MEDIAL NUMERAL EPICON CPT 1S)

SUN: XP(II) - XP(12)
Rayn vptiS - rPC~x)
StI: 2P(16) - ZPCI)

" NORMAL VECTOR TO PLANE CONTAINING *A AND RD
* VECTORS CRT ELBOW PLANE)

NIX: (SUVURAZI- (SUZ*RAY)
NIYS -CCSUXSAZ)- (RSZ*RAXl)
NI?: (SUXUanY)- (NNYORAX)

" ST WRIST PLANE
" NORMAL TO ST WRIST PLANE

NiX: 6
may* YPtIS) -YPZIS)

Miii ZPCIS) -ZP(29)

RETURN
END
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*SUBROUTINE LTARH DEVNCS9 SEGMENTING PLANECS SEPARATING THE LEVY ARM
C INTO UPPER ARM# LOWCR ARM# AND HAND.
C
C

SUBROUTINE LTARM
IMPLICIT *CAL (N)
INTEGER NCOL
COMMON .PLANC/ NoRm(5.S1.ISEVPTcG*xp(7S).YP(7).ZP(76).NCOL
ESUIVALENCE NRC.)NXNAC.C,1)(OM3I.1)(OM

NCOL :2
* LT ELBOW PLANEC
* vecTOR rROM LT OLECRANON(PT13) TO LT
* LATERAL NUMERAL EPZCON(PT11)

RAX: XP(II) - XP(I3)
RAYS YP(I1) - YP(13)
RAZz ZP(1I) - ZP(13)

IS VECTOR rROM LT OLCCRANON(PT13) TO LT MEDIAL
IS NUMERAL EPICON(PT9)

RoE: EP(9) - XP(I3)
"Sys yp(l) - MIS)2
R9U: ZPC9) - ZP(13)

* NORMAL UECTOR TO PLANE CONTAINING RA AND RM
a VECTORS CLT ELSOU PLANE)

NIX: (RBYURAZ)- (RDZsRAY)
NIyz -C(RvXwRAZ)- CRvZsRAX))
NIZu ERBSRAY)- CR3YONAX)

* LT WRIST PLANEC
IS NORMAL TO LT WRIST PLANE

NzN: 6
NEYS YP(IS) - YP(19)
maUz ZP(IS) - ZP(I9)

iDE7PT (t) : 3
IDEPCE) x 21
RETURN,
END
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S SUBROUTINE RTLEG DEFINES SEGMENTING PLANES SEPARATING THE RIGHT LEG
C INTO UPPER LEG* CALF. AND FOOT.
C

SUBROUTINE RTLEG

IMPLICIT REAL (N)

INTEGER NCOL
COMMON ePLANEc N0on(c3.6).iDErPTC(),XYZLK(76,3),NCOL
EQUIUALENCE (NORM(II).NIX).(NORM(2I).N Y.,NORf(3.1,NIZ~aNORM

SI.Z),NZXJ. (NORM(2.).NZ),(NORN(3.Z),NZZ)

NCOL 2 2
IDErPT(I) : 59
IDETPT(Z) z 69

NORMAL TO RIGHT KNEE PLANE

NIX: a
NmY: a
NIZ: I

NORMAL TO RT ANKLE PLANE

NiX: 3
NZYs a
NZZ: 1

RETURN
END
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SUBROUTINE LTLEG WEINES SEGMENTING PLANES SEPARATING THE LEVI' LEG
C INTO UPPER LEG, CALr. AND TOOT.
C
C

UBROUTINE LTLES
IMPLICIT REAL (N)
INTEGER NCOL
COMMON /PLAN~E NORM(3.S),IDETPT(s).XYZLMK(7S.3).NCOL
EQUIVALENCE (NORM(I.'I).NIX).(NOMfC2.1).NlY).(NORM(3.I).NIZ).CNORM(

£1.E),NZtX),CNORNM(.i1,NiY).(NORM3,2.,NZZ)

wCOL z 2
iDerPT(1) a 59
iverPT(Z) z 68

S OMAL TO LErT KNEE 
PLANE

NIX z
NIY:- 0
NIZS 1

S NORMAL TO LET ANKLE PLANE

NEX- S
Nay-- S
NZZ: I 1

RETURN
END
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* SUNROUTINE ZCORS RCADS IN THE Z COORDINATES Of ALL CROSS SECTIONS AS
C LISTED AT THE BC02NNING Or THEC DATA. USING THESE. ZCORS DETER-

N INES TWO Z COORDINATES. ONE. THC AUERAGE 0r THE Z COORDINATE Or
C THE rIRSY CROSS SECTION OP THE LEPT UPPER ARM AND THE Z COORDINATE

C Or THE CROSS SECTION IN THE THORAX IMMEDIATELY ABODE THIS. THE

C OTHER Z COORINATE IS COMPUTED SIIILARZLY USING THE RIGHT ARM.
C THESE TWO Z COORDINATES ARE WRITTEN OUT AS A 7THI AND 76TH
C LANDMARK.
C
C

SUBROUTINC ZCORS (HPLNS)
COMMON 'POINTS' VISO6)
INTEGER NPLNSCS)
REAL ZCORCE)

ISKzp(IIl' a (2I # 11)/'12

ISTP z HPLHS(l)
READ (7.99) (Z(I)#Z:1.Isypl
READ (To.99) ZCORcl)
hiSP a ISKIP(.NPLNSCZ)) -1
DO 1S Ial#ISTF

is READ (7.99)
READ (T#99) ZCORU2
SSP 2 ISKIPCHPLNSCU)) + ISKIP(NPLHS(4)) *ISKIP(NPLHSCS)3 -1
DO 30 Iz%,ISTF

as READ (7.99)
DO 46 113102
ISa

39 1 21 *1
If CZCI).GT.ZCOR(hI)) GOTO 30

49 ZCORCII) a (2(1-&) *ZCORCII))2e.
CALL LANVMK
WRITE (So"6) ICOR
RETURN

so rORMAT CZSX.PIU.El
91 PORMAT LIX. 1276.3)

END
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a SUBROUTINE LANDMK READ$ IN THE 76 ANTHROPOMCTRZC LANDMARKS IN THE
C DATA SET. IT ALSO DETERMINES If TNE ACTUAL COORDINATES Or THE
C LANDMARK NEED YO SE COMPUTED.
C
C

SUBROUTINE LANOMK
COMMON 4PLANE/ DUM(24) XYZLMK(?,l)
REAL PROXCS),DIS(3)
DO 1S0 Isl,?S

READ (7.99) PROX-DIS
C
C Zf DIS a (I.8I8) THEN THE COORDINATES Or THE LANDMARK ARE IDENT-
C ICALLY THOSE Of PROX; ELSE COMB IS CALLED TO COMPUTE THE COORDI-
C NATES Or THE LANDMARK.

DO 2l8 3:l,3
Ir (DIS(J).[Q.I) GOTO 2i
CALL COMi (PROXMOIS)
0OTO 79

ass CONTINUE
7! DO 1o J21,3
too XYZLMK(I,) a PROX(S)

WRITE (5,88) CI.(XYZLMK(I.3),3:1.3),I:1,?G)
RETURN

Be rORMAT ZSoSrlS.Z)
9s rORMAT (SX, rls.l,3x,3rl9.z)

END

C SUIROUTINE COMB IS USED TO COMPUTE THE ACTUAL LOCATION Or AN ANTHRO-
C POMETRIC LANDMARK. THIS LOCATION IS ON THE LINE IETMEN THE
C POINTS PROX AND DIS. 3/4 INCH rnOm POX IN THE DZRECfTON or DIS.
C
C

SUBROUTINE COMS (PROXDIS)
REAL PROX(3),DIS(3).XYZ(3).6CNGTN

LENGTH : 0.
DO 10I Izl°3
XYZ(Z) : DIS(Z) - PROX(I)

16 LENGTH x LENGTH + XY(I)aaZ
LENGTH x .75 ml.S4eS. T(LENOTH)
DO 266 I:1.3
XYZ(Z) LENGTHIXYZ(I)

286 PROX(l) : PROX(I) + XYZ(I)
RETURN
END
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* SUBROUTINE SORT CONTROLS PROCESSING 0r EACH CROSS SECTION.
C
C

SUVROUT INC SORT
LOGICAL LITIG
COMMON ZPLANCo' NORM(3.G). IDE7PTCG),XYZP(23),NCOL.LSTSG
COMMON ZPOINTSe XC99).Y(39).NPTSZ
COMMON Z'STORCR., ISTRPL. ISTORE(3U).XYSOR(Z. 15U).ZSTORC 23),*ISEOCT
I. ITOTST.NSEGCS 21). ISEG
COMMON /PLACE, ICOL.PDOTCSS.3

CALL LOOK (COLIG)
I7 (COLIG) 364.Z$6#166s

306 I7 (LSTSG) GOTO 198
LSTSG ICOL.GE.NCOL
CALL UNSTOR

Is@ ISEOCT x ISEOCT +1
WRITE (S.03) ISEGCTPNPTS.Z
WRITE (5&99) (X(I).'F(I)s t:1*NPTS)
RETURN

200 CALL SEP
RETURN

Be FORMAT C1X.114.IX.r8.2)
99 FORMAT (%X.IEPS.2)

END

C SUBROUTINE LOOK EXAMINES THE COLUMN OF DOT PRODUCTS FOR A CROSS
C SECTION. IF ALL DOT PRODUCTS ARE POSITIVE COLSO IS RETURNED WdITH A
C POSITIVE VALUE. IF ALL ARE NEGATIVE COLIG IS RETURNED WITH A
C NEGATIVE VALUE. 17 THE DOT PRODUCTS ARE 07 MIXED SIGN COLIG IS
C RETURNED AS 9. DOT PRODUCTS or VALUE S ARE IGNORED IN T4IS EXAM-
C INATION.
C
C

SUBROUTINE LOOK (COLSO)
COMMON i'POINTS' DUMtI98)vNPTS
COMMON *'PLAC~e. ZCOL.PDOT(19.6)
ISTRT a S

is ISTRT z ISTRT *1
17 CISTRT.GE.NPTS) COTO 156
17 (PDOT(ISTRT*1C0L).ES.8.) COTO 1S

COLSG z POOT 41UTRT.ICOL)
ISYRT z ISTRY #I
DO I*@ I:zSTRT.NPTS
IF cPDOT(I*ICOLumCOLSG Ge. a.) aOTO 1S9
COLSG s S.
RETURN

see CONTINUE
RETURN

M5 C0LSG s POOT(RSTRTICOL)
IF (COLSOGEGO.) COLSO 8 1.
RETURN
END
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aSUBROUTINE SEP IS CALLED F0R A CROSS SECTION WHICH HAS DOT PRODUCTS
C 0r MIxED SIGNS. IT CONTROLS THE STORAGE 0r DATA POINTS YIELDING
C NEGATIVE DOT PRODUCTS. THE WRITING 0F DATA POINTS WITH POSITIVE
C DOT PRODUCTS& AND THE CREATION OF TWO HEW DATA POINTS.
C
C

SUBROUTINE SEP
REAL XYTEMP (2.99)
LOGICAL SNGLPT
COMMON *POINTSe' X(99)*.r99)*NPS.Z
COMMON 'PLACE' ICOL*PDOTCSS#G)
COMMON fSTOWER-' ISTRPL. ISTORECZG) .XYSTOR ( S@).ZSTOR(26 * ISCOCT

1'TEMP z U
ISTRPL : S1'RPL *1
IF (ISTRPL.GT.86) STOP "?STOR AND ZSTOR UNDER DIMENSIONED IN SGHMT

as..
ZSTOR CZSTRPL) x Z
ISTONE(ISTRPL) 2 9

SNGLPT z.FALSE.
SIGH z POOT (1,ICOL)

DO 188 IxI.HPTS
17 CSIGNSPDOTCI*ICOL).GT.8) GOTO 50
CALL ADOPT (IsITEMPoXYTEMP)
SIGN z PDOT(I.ICOL)
SNGLPT z NOT. SNGLPT

so IF (PDOT(I*ICOL).LT.*) GOTO 7S
CALL TEMPIT (I). Y(I), tTENP. XYTCNP)
GOTO I@@

7S CALL STORE CX(I).YtI))
inO CONTINUE

IF (SNOLPY) CALL ADOPT' (1. ITEMP.XYTEMPY
ISEGCT : ISEOCT +1
WRITE (5.16) ISEGCT#ITEMP.Z
WRITE (5.99) (CXYTEMP(I,D).IZ1#.J3:ITEMP)

RETURN
so FORMAT (IXZ14.Ux.71.z)
99 FORMAT (lXIZFS.Z)

END
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* SUBROUTINE ADOPT COMPUTES THE COORDINATES Or ONE of THE PAIR 0f
C POINTS TO It ADDED TO A CROSS SECTION WITH DOT PRODUCTS 0r MIXED
C SIGNS.
C

SUBROUTINE ADOPT tII1MP.WYTEMP)
IMPLICIT REAL (N)
REAL XYT9MP (195)

Cl a Y(I)

17 (I.Ce.1) OOTO as
31 a X(I-1)
at Y(2-1)
0010 53

as 31 X NPTI)
3a Y(NpTS)

so HI x NOR" (I.ICOLJ
Nee x NORM (to ICOL)
N3 x NOR" C2.ZCOL)
At a XPCIDE7PT(ICOL))
As a YP(IDE7prtcCoLI)
A3 a zp(zocrPT(ICOL)R
ir CU1.EG.Cl1 GOTO 136
SLOPE a Cx-Cx)-*(vl-Cl)
EADO (NU0(43 Z) + NmAIo * Ne(SLOPCe3I 0 An 38))
)CADD a ADDO(HI NISSLOPE)
YADD a LOpc*(XADD at3) + It
0010 M5

lee XADDP as3
YADO a (NNAIU) *~(A-Z))^xN 0 as

150 CALL TEMPS? (XADD. VADD#:TCMP1 NYTEMqP)
CALL STORE CXADDPYADD)
RETURN
END
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aSUOROUITINE STORE STORES POINTS WITH HEGATRUE COT PRODUCTS room A
C CROSS OieTION HAVING DOT PRODUCTS OF BOTH SIGN.
C

SUNROUTINE STORE (X.Y3

1P CITOST.GT.2UU) STOP KXYSTOR UN4DER DIMENSIONED INSOMSTZ"
XYSTOR (1.ItromS a X
KYSTOR (10ITOTUT) a Y
ISTORCS2TMPL) a ISTORE(ISTRPL) *1
RETURN
CND

C SUBROUTINC TEMPST STORES DATA POINTS YIELDING POStTIUE DOT PRODUCTS
C rom A cROSS sETION IdITm DOT PRODUCTS Or MIXED SIGNS. TIECIE
C POINTS ARE STORED ONLY UNTIL THIS CROSS SECTION WAS DEEM COM-
C PLETELY PROCESUED.
C
C

SUBROUITZME TEMPST CX.Y. ITEMP.XYTEMP)
REAL XYTCMP t8*99)
V7 (ITEMP.GE.168) STOP "NXYTEMP UNDER DIMENSIOMED IN SOMNTS"
ITCMP aITEMP #1
KYTEMP d1.ITEMP) X
NYTEMP (tITEMqP) a
RETURN
END
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aSUBROUTINE UNSTOP IS CALLED MN A CROSS SECTION WI1TH ALL NEGATIVE
C DOT PRODUCTS IS ENCOUNTERED. IF DATA POINTS NAVE BEEN SToRED THEY
C ARE WRITTEN OUT BY UNSTOR. ALSO VARIOUS COUNTERS ARE RESET.
C
C

SUBROUTINE UNSTOR
COMMON4 eSTORCRe ISTRPL, ISTORE-CIO).XYSTOR(2. -159). ZSTOR(1). ISEGCT,
ITOTSTPNSEGCS(ZI), ISEG
COMMON /PLACE/ ICOL

ISEG 2ISEG +1
NSEGCSCISCG) : rSEGCT
ISEOC?
ISTRT
ISTF 8

to 17 CISEGCT.GE.ISTRPL) GOTO 20
ISEGCT zISEOCT *1
ISTR a ISTORE (ISEGCT)
WRITE CS.SS3 ISECCT.ISTR.ZSTOR CISEOCT)
ISTP z ISTP *ISTR
WRITE (5.99) C CXYSTORCI..X). I:I2).J:ISTRT. ISTP)
ISTRT z ISTP #1
GoTa 1ee

2ss ISTRPL z ITOTST 2a
ICOL z ICOL +1

RETURN
so rORMAT (Ix.,IvxeT.Z)
99 FORMAT (IX,&2r6.z)

CND

C SUBROUTINE COmPRS IS CALLED TO ASSIGN ONE DOT PRODUCT To EACH DATA
C POINT BEING SEPARATED BETWEEN THE NECK AND THORAX. THREE SEOMEN-
C TATION PLANES ARE USED FOR THIS SEPARATATION, THUS THREE DOT PRO-
C DUCTS ARE COMPUTED, WHICH MUST BE COMBINED INTO ONE.
C
C

SUDROUTINE COMPES
COMMON -'PLACE/ ICOL#PDOTC9S.6)
COMMON 'POINTS'e OuN1CI9s).NOTS
COMMON O-PLANMs' DUNZ(252),NCOL
NCOL z NCOL -2
DO 10 Ial*NPTS
If (PDOT(I*S).GT.Ia) 00T0 75
IF CPD@TCI.2).GT.O. .AND. PDCTCI.6.OGT.G.) GOTO 71
PDOT(I.Z) -I
GOTO lee

75 POOT (10a) 2 1
1ee CONTINUE

RETURN
END
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C PROGRAM FLAPSausaaa sa s mmmaa mmaamsu aaamaa..a..assm.

C
C
C PROGRAM FLAPS IS THE SECOND IN A SERIES Or THREE SEGMENTATION

C ROUTINES, USED TO REGROUP BODY SURFACE DESCRIPTION DATA POINTS INTO
C DATA POINTS DESCRIBING THE SURFACE Or 19 DIFFERENT BODY SEGMENTS.
C FLAPS RECEIVES THE DATA OUTPUT BY SGMNTS AND SEPARATES THE LEFT

C SHOULDER FLAP FROM THE THORAX SEGMENT AND SEPARATES THE LEFT HIP
C FLAP FROM THE PELVIS SEGMENT. FLAPS IS THEN RAN A SECOND TIME.
C REPROCESSING THE OUTPUT FROM ITS PREVIOUS RUN. THIS TIME IT SEPAR-
C ATES THE RIGHT SHOULDER FLAP FROM THE THORAX AND THE RIGHT HIP FLAP

C FROM THE PELVIS.
C
C FLAPS READS BODY SURFACE DESCRIPTION DATA POINTS FROM TAPE?. IT
C ALSO READS THE NUMBERS Or THE DATA SETS TO BE PROCESSED FROM TAPE3,

C ALONG WITH THE NUMBER OF CROSS SECTION PER SEGMENT OF THE READ IN

C DATA. THE DATA POINTS RESULTING FROM THE PROCESSING OF FLAPS ARE
C WRITTEN TO TAPES, AND THE DATA SETS PROCESSED AND RESULTING NUMBER
C Or CROSS SECTIONS PER EACH SEGMENT IS WRITTEN TO TAPE9.

C COMMON AREAS

C
C... /PLANE/--DATA PERTAINING TO ONE OF THE SEGMENTS OF THE READ IN DATA,
C WHICH IS PRESENTLY BEING FURTHER SEGMENTED.

C NORM--CONTAINS THE COMPONENTS Or THE NORMALS TO EACH SEGMENTING

C PLANE.

C IDEFPT--CONTAINS THE NUMgER Or THE LANDMARK USED TO DEFINE EACH SEG-
C MENTING PLANE.
C XYZLMK--COORDINATES Of EACH Or THE 76 ANTHROPOMETRIC LANDMARKS.

C NCOL--NUMBER Of SEGMENTING PLANES.

C
C... /POINTS/--DATA PERTAINING TO THE CROSS SECTION PRESENTLY BEING PRO-
C CESSED.

C X--X COORDINATES FOR ALL POINTS IN THE CROSS SECTION.
C Y--Y COORDINATES FOR ALL POINTS IN THE CROSS SECTION.

C NP--NUMSER or DATA POINTS IN THE CROSS SECTION.
C Z--COMMON 2 COORDINATE OF ALL POINTS IN THE CROSS SECTION.
C
C... /STORERo'--DATA PERTAINING TO THE STORAGE Or DATA POINTS PRODUCING
C NEGATIVE DOT PRODUCTS AND SOME OTHER MISC. INFO.

C ISTRPL--NUMBER Or CROSS SECTIONS STORED THUS FAR.
C ISTORE--NUMBER Of DATA POINTS STORED FOR EACH Or THESE CROSS

C SECTIONS.
C XYSTOR--XY COORDINATES Or ALL STORED DATA POINTS.

C ZSTOR--Z COORDINATES Or EACH CROSS SECTION WITH STORED DATA POINTS.
C ISEOCT--CONTAINS THE NUMBER Or THE NEXT CROSS SECTION TO BE WRITTEN
C OUT.
C ITOTST--THC TOTAL NUMBER OF DATA POINTS STORED IN XYSTOR.

C NSEGCS--ARRAY TO sE riLLED WITH THE NUMBER OF CROSSECTIONS PER EACH
C NEW SEGMENT.
C ISEO--THE NUMBER Or THE NEW SEGMENT WHICH DATA IS PRESENTLY BEING

C WRITTEN OUT FOR.
C
C... /PLACE/--DATA PERTAINING TO THE DOT PRODUCTS COMPUTED.
C ICOL--SPECIFIES WHICH COLUMN or PDOT IS PRESENTLY BEING USED.
C PDOT--THE DOT PRODUCT FOR EACH DATA POINT IN THE PRESENT CROSS SEC-

C TION WITH EACH SEGMENTING PLANE Or THE PRESENT SEGMENT.
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C MONLS--NUMIER Or CROSS SECTIONS PER SCGMCNT Or VATA READ IN.
C XSECT--NUMOCR Or THE SEGMENHT KING PROCESSED.
C
C

PROGRAM FLAPS C INPUT # UTPUT. TAPES. TAPE?, TAPE3. TAPES)
COMMON /PLANE/ NORMCS.5),IDCFPT(S),XYZLMX(7S.3),LSTSG
COMMON 0'POZNTS/ xc9S).Yt9v).NP.2
COMMON -,STORER., ISTRPL.1STORECZS).XYSTORCZ.ZSS).ZSTOR(!S). ISCOCT.

&ITOTST.NSEGCSCZI). 1510
COMMON fPLACCO ICOL#POOT(99.S).NPNLSCZS)I 1CCT
EXTERNAL SORTo*SORTZ
LOGICAL LEFT

C NUMBERS Of THE DATA SETS TO IL PRCESSED ARE READ IN.
READ (2.11) ZSTRT.ISTP.INC
WaRITE (Solt) ISTRTISP.INC
no le suncI:Itar?.ZSIPZc
1510 s 13C x U
DO got taloas

906 NSEGCSCI) a S

C NUMBER OF CROSS SECTIONS PER EACH EXISTING SEGMENT IS READ IN.
READ (3.99) NPNLS

C IF NPHLS(&fJ AND t4PNLS(&S) BOTH EQUAL B THEN FLAPS ON THE LEFT SIDE
C OF THE BODY ARE REMOVED. ELSE FLAPS ON THE RIGHT SIDE OF THE BODY
C ARC REMOVED.

LEFT a NPNLS(16) + NPNLS(I9) to. a

DO lB 141079
READMIGS) II.CXYZLMK( .)I13

IS bRIlECS.66) ZZ.(CVZLMK( Z*J)JJ:1.)
CALL SKIP (a)
IF (LEFT 0OTO!!
ISKIP 2 2
CALL RSWFLP
COTO 50

as I$KIp a I
CALL LSNFLP

so CALL SOiNY (SORTZ)
CALL SKIP CISKIP)
IF (LEFT) C0TO 75
CALL RNPFLP
C070 lee

75 CALL LHPFLP
ISO CALL safMNT (SORT?)

CALL SKIP (IsKIp4II)
bIRITE(9.99) NICOCS

10I0 CONTINUE

ENOFILC 3
ENOFILE S
STOP "FROM FLAPS"

11 FORMAT (31!)
as FORMAT CI5.2FtI.!)
so FORMAT (4X.ZLZ3)

END
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SUBROUTINHE SGrINTS READS IN EACH CROSS SECTION AND CONTROLS THE EXAM-

C !NATION OF DATA POINTS WITHIN THE CROSS SECTION.

C
c

SUBROUTINE SGMNT (SORTER)
_0GICAL LSTSG

COMMON "POINi'S1 X(9L.(99).NP,Z
COMMON 'STORER/ ISTRPL,DUMcSAde),ISEGCT,ITO'ST,NSEOCSCZI,,ISEG

COM1 ON 'PL.ACE"' ICOL,PDOTf99,5),NPNLS(ZI),I5ECT

ZOMV ON /PLANE/ DUMI(Z54),LSTSG

,SECT :ISEV7' +1

NPL: NPNLS(ISECT)
170TST ISEGCT zISTRPL :e

.S' SG FALSC.
DO 308 IPLANE :I.NPL

READ (7.9) NP.Z
READ t7,10) (X(L),Y(L).6:1,NP)

CALL DOT

IF cICOL.GT.1) CALL COMPRS

308 CALL SORTER
ir (rSr'mL.GT.8) CALL UNSTOR

HSEGCS(ISEG) zISEGCT

QETuQ-4
9 CORMT (5X,14,l6X~r6.Z)

le rCRMAT IX.1ZF6.2)
END
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sSU::OUTINC DOT COMPUTES DOT PRODUCTS FRa EACH DATA POINT IN THE
C PESENT CROSS SECTION.
C
C

sugRouTrNE oar
REAL NORM
COMMON /POINTS,, Xtgg),Y(99).NP.Z
COMMON 'PLACE' ICOL.PDOT(99,5)
COMMON /PLANE/ N0RflC3.5). IDEFPTtS.XPC?8).YPCTS.,ZP(7S
DO 136 3zl.ICOL
PZ z Z - ZP(IDE7PT(3U)
DO 186 1:1,NP

too PDOTCI,3) =NoRmCi.3)wcxcl) - xpciDcrPTCS),,
& *NORMC,)=(Y(I) - YP(IDCrPTCJ),)

& +NORM(3.J)*PZ
RETURN
END

C SUBROUTINE SKIP IS USED TO SKIP OVER NSEG SEGMENTS WHICH REQUIRE
C NO PROCESSING.
C
C

SUBROUTINE SKIP CHICO)
COMMON /POINTS., X(99),Y(99).NPTS.Z

COMMON 'PLACE' DUM(496) .NPLNS(ZI ) *ISECT
COMMON 'STORERe DUMZC543).NSEOCSCZI).ISEG
DO 16 1:1.NSEG
ISECT =18C? *1
ISEG =ISEG *1
NPL N PLHSCISECT)
NSEGCSCXSCG) zNPL
DO 160 3:1,NPL
READ (7.58) IPLANE.NPTSZ
WRITE (5.99) IPLANE.NPTSZ
READ(7,SS) (XCL).Y(L) .L:1.NPTS)
WRITE(5.SS) (X(L) .Y(L) .L:2.. PTS)

Ise CONTINUE
RETURN

as FORMAT .'.X.IZAG,
99 FORMAT (IX ZI4.UK.A8)

END
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s SUBROUTINE RSHrLP DEFINES SEGMENTING PLANES SEPARATING THE RIGHT

C SHOULDER FLAP FROM THE THORAX.
C
C

SUBROUTINE RSHFLP
IMPLICIT REAL (N)
COMMON /PLANE/ NORM(3,5).IDEFPT(5).XP(78),YP(?S),ZP(7S)
COMMON /PLACE/ ICOL
EQUIVALENCE (NORMNIX),(NORM(2,1),N1Y),(NORM(3,1),NIZ)
EQUIVALENCE CNZXNORMlCI,)).CNZY,NORM(ZZ)).(NZZNORM(3,Z))
ICOL : Z
IDEFPT (1) 4

NORMAL TO RT. SHOULDER FLAP PLANE
NIX ZP() - ZP(4)
NIY 0.
NIZ XP(4) - XP(6)
IDEFPT(Z) 77
NZX 9.
NZY 0.
NZZ -1.
RETURN
END

C SUBROUTINE LSHFLP DEFINES SEGMENTING PLANES SEPARATING THE LEFT
C SHOULDER FLAP FROM THE THORAX.
C
C

SUBROUTINE LSNFLP

IMPLICIT REAL (N)
COMMON /PLANE/ NORM(3,S).IDErPT(5).XP(7S),YP(78).ZP(TI)
COMMON ,PLACC/ ICOL
EQUIVALENCE (NORMNIX).(NORMCZl),NIY),(NORM(3,1).NIZ)
EQUIVALENCE (NZX,NORM(I,2)),CNZY.NORMCZZ)),CNZZNORM(3.Z))
ICOL = 2
IDEFPT (1) 3

NORMAL TO LT. SHOULDER FLAP PLANE
NIX : ZP(3) - ZP(S)
NIY S .

NIZ z XP(5) - XP(3)
D PFPT(a) 71

NZX : S.
NZY S.
NaZ : -1.
RETURN
END
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* SUBROUTINE RHFLP DEFINES SEGMENTING PLANES SEPARATING THE RIGHT HIP
C FLAP FROM THE PELVIS.
C
C

SUBROUT INE RHPrLP
IMPLICIT REAL (N)
COMMON /PLANE' NORMC3.5).IDErPT(5).XP(?8),YP(?S),ZPrTe)
COMMON /PLACE/ ICOL
EQUIVALENCE (HORM.NIX).(NORM(2,I),N1Y),.CNORM(3,I).NIZ)
ICOL =I
IDEF'PTCI) :55
NIX z ZP(55) - (ZFP(54) + ZP(37))'2.

Nily 0 .
NIZ :(XP(54) +XP(57))/Z. - XP(55)
RE TURN
END

C SUBROUTINE LNFLP DEFINES SEGMENTING PLANES SEPARATING THE LEFT NIP

C FLAP FROM THE PELVIS.
C
C

SUBROUT INE LHPrLP
IMPLICIT REAL (N)
COMMON /PLANE/ NORM(3.5V. IDEFPT(S).XP(78),VPCV),.ZP(78
COMMON 'PLACE/ ICOL
EQUIVALENCE CNORMNIX),(NORMi(Z,I),NIY).(NORM(3,I).NIZ)
EQUIVALENCE (N2X.NORM(i2.CN2Y.NORM(2.2)).N2Z,ORlc3.Z)
ICOL : 2
IDEVPT (1) : 55
NIX z ZP(53) *ZP(56))/2. - ZP(55)
NIY z 6.

NLZ z XP(55) -(XPC53) *XP(55))/2.
IDEFPT (2) :55
NZX z 1.
NZY : a.
N2Z z S.
RETURN
END
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II
* SUBROUTINE SORT2 CONTROLS PROCESSING OF CROSS SECTIONS WHICH ARE TO

C HAVE DATA POINTS SCPARATED BETWEEN EITHER OP THE SHOULDER FLAPS
C AND THE THORAX. DATA POINTS BELONGING TO A SHOULDER FLAP ARE

C STORED UNTIL THE LAST CROSS SECTION Or THE THORAX HAS BEEN PRO-

C CESSED, AND ARE WRITTEN OUT AT THIS TIME.

C
C

SUBROUTINE SORTZ

COMMON'POINTS/ X(99),Y(99).NPTS.Z

COMMON /STORER/ DUMI(S41),ISEGCT

COMMON IPLACE/ DUMZ(496),NPNLS(ZI).ISECT

CAL.L LOOK (COLSG)

IF (COLSG.EQ.B.) GOTO 260

ISEGCT : ISEGCT 41
WRITE (5,8) ISEGCTNPTSZ

WRITE (5,99) (X(I).Y(I),I:1,NPTS)

IF (ISEGCT.EG.NPHLSCISECT)) CALL UNSTOR

RETURN

28 CALL SEP

RETURN

66 FORMAT (lX,2I4,BX,FS.Z)
99 FORMAT (IXL 2FG.Z)

END

C SUBROUTINE SORT CONTROLS THE PROCESSING OF CROSS SECTIONS WHICH ARE

C TO HAVE DATA POINTS SEPARATED BETWEEN EITHER OP THE HIP FLAPS AND
C THE PELVIS. DATA POINTS BELONGING TO A HIP FLAP ARE STORED UNTIL
C A CROSS SECTION WITH ALL DATA POINTS BELONGING TO THE HIP FLAP IS

C ENCOUNTERED. AT THIS POINT STORED HIP FLAP POINTS ARE WRITTEN OUT

C OUT.

C

C

SUBROUTINE SORT

LOGICAL LSTSG
COMMON /PLANE/ NORM(3,s),XDErPT(s).XY!P(234),LSTSG

COMMON /POINTS/ X(99),Y(99).NPTS.Z

COMMON /STORER. ISTRPL, ISTORE(Z),XYSTORCZ,ZSS),ZSTOR(26),ISEGCT
&,ITOTST,NSEGCS(Z1).ISEG
COMMON /PLACE/ ICOLPDOTt99,5)

CALL LOOK (COLSG)

IF (COLSG) 301,BZ6,186

36 If CLSTSG) GOTO 19

LSTSG z .TRUE.

CALL UNSTOR

16e ISEOCT : ISEGCT +1
WRITE (5,66) ISEGCTNPTSZ

WRITE (5,99) (X(I).Y(I), I:=,NPTS)

RETURN

266 CALL SEP

RETURN

66 FORMAT CIX.214,BXFS.)
99 FORMAT (IX,1ZF6.2)

END
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a SUBROUTINE LOOK EXAMINES THE COLUMN OF DOT PRODUCTS FOR A CROSS
C SECTION. IF ALL DOT PRODUCTS ARE POSITIVE COLSG IS RETURNED WITH A

C POSITIVE VALUE. IF ALL ARE NEGATIVE COLSO IS RETURNED WITH A
C NEGATIVE VALUE. IF THE DOT PRODUCTS ARE OF MIXED SIGN COLSG IS

C RETURNED AS U. DOT PRODUCTS OF VALUE 8 ARE IGNORED IN THIS
C EXAMINATION.
C
C

SUBROUTINE LOOK (COLSG)
COMMON /POINTS/ DUM(19),NPTS
COMMON /PLACE/ DUMZ.PDOT(9)
COLSG PDOT(l)
ISTRT z 2

to IF (NPTS.LT.ISTRT) RETURN
IF (COLSG.NE.U.) GOTO S
COLSO a PDOT(ISTRT)
ISTRT = ISTRT +1
GOTO IS

So DO 1o I:ISTRT#NPTS
IF (PDOTCI)sCOLSG .GC. 9.) GOTOISI
COLSG z 0.
RETURN

ila CONTINUE
RETURN
END
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* SUBROUTINE SEP IS CALLED FOR A CROSS SECTION WHICH HAS DOT PRODUCTS
C OF MIXED SIGNS. IT CONTROLS THE STORAGE OF DATA POINTS YIELDING
C NEGATIVE DOT PRODUCTS, THE WRITING OF DATA POINTS WITH POSITIVE
C DOT PRODUCTS. AND THE CREATION or TWO NEW DATA POINTS.
C
C

SUBROUTINE SEP
REAL XYTEMP (Z.S)
LOGICAL SNGLPT
COMMON ePOINTSP X(99).Y(99).NPTS.Z
COMMON /PLACE/ ICOL,PDOT(99,S)
COMMON /STORER/ ISTRPL, ISTORE(CB).XYSTOR C SIS)*ZSTORCZO),ISEGCT

ITEMP z S
ISTRPL : ISTRPL *1
Ir (ISTRPL.GT.28) STOP *'STOR AND ZSToR UNDER DIMENSIONED IN FLAP-
ZSTOR CISTRPL) a Z
ISTORE(ISTRPL) : S
SNGLPT .FALSE.
SIGN z POOT (1)

DO 180 I:l.NPTS
IF (SZGNsPDOT().GT.S.) GOTO 50
CALL ADOPT CI.ITEMPXYTEMP)
SIGN a PDOT(I)
SNGLPT =.NOT.SNGLPT

58 IF (PDOT(C).LT.O.) GOTO 75
CALL TEMPST (X(I), Y(I), ITEMP. XYTEMP)
GOTO 108

?S CALL STORE (XCI).Y(I))
Is@ CONTINUE

IF (SNGLPT) CALL ADDPT (I.ITCMPXYTEMP)
ISEOCT z ISCOCT +1
WRITE (5.S9) ISEGCTITEMPZ
WRITE (5,99) CCXYTEMPCZ)Iz:IZ),:l.ITEMP)

RETURN
66 FORMAT (CX.ZI4.XFU.2)
99 FORMAT (IX.IZFS.Z)

END
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SUBROUTINE ADOPT COMPUTES THE COORDINATES OF ONE OF THE PAIR OF
C POINTS TO BE ADDED TO A CROSS SECTION WITH DOT P14ODUCTS OF MIXED
C SIGNS.
C

SUBROUTINE ADDPT dI.ITEMP.XYTEMP)
IMPLICIT REAL (N)
REAL XYTEMP (196)
INTEGER NPTS
COMMON OPOINTSo' XC99).Y(99),NPTSZ
COMMON .PLANE/ NORM(3,5). IDEFPT(5),XPcTS),YPc7e),ZP(TS,
ICOL :
Ir CZ.LT.ZP(55)) rCOL 2
Cl X(I)
CZ Y(I)
Ir CI.EQ.1) GOTO 25
31 X(I-1)
32: Y(I-I)
GOTO 56

25 91 zX(NPTS)
32 z Y(NPTS)

50 NI: NORM C1,ICOL)
HE : NORM (2. ICOL)
M3 z NORM M3ICOL)
Al :XPCIDEFTTICOL))
AZ z YP(IDETPTCICOL))
A3 z ZP(IDETPT(ICOL))
IF C31.EQ.Cl) GOTO 19e
SLOPE : (3-Ct)/CS1-C1)
XADD : N3*Cal Z) +Nl*Al M Zm(SLOPE*91 A? - 2))
XADD XAODDP(Nl * N2SLOPE)
YADD SLOPE*(XADD - 1) + 2
DOTO 156

106 XADD x 31
YADO (NlSCAI-DI) M NSSAS-Z)J-NZ +AZ

I56 CALL TEMPST (XADDYADD. ITEMP. XYTEMP)
CALL STORE (XADDYADD)
RETURN
END
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SUBROUTINE STORE STORES 'O Lki W11H HE f- . DOT PRODUCTS FROM A

C CROSS SECTIONS NAVING DOT PRODUCTS OF BOTH SIGNS.
C
C

SUBROUTINE STORE (X,Y)
COMMON /STORER/ ISTRPLISTORE(20).XYSTOR(2,25S),DUM(ZI),ITOTST

ITOTST = ITOTST +1

IF (ITOTST.GT.ZSS) STOP "XYSTOR UNDER DIMENSIONED IN FLAPS"
XYSTOR (1,ITOTST) = X

XYSTOR (2.ITOTST) = Y

ISTORECISTRPL) z ISTORE(ISTRPL) *1
RETURN

END

C SUBROUTINE TEMPST STORES DATA POINTS YIELDING POSITIUE DOT PRODUCTS

C FROM A CROSS SECTION WITH DOT PRODUCTS OF MIXED SIGNS. THESE

C POINTS ARE STORED ONLY UNTIL THIS CROSS SECTION HAS BEEN COM-

C PLETELY PROCESSED.

C

C
SUBROUTINE TEMPST (X,Y,ITEMP,XYTEMP)
REAL XYTEMP (2,99)

ITEMP : ITEMP *1

IF (ITEMP.GE.teS) STOP"XYTEMP UNDER DIMCNSIONED IN FLAPS"

XYTEMP (1,ITEMP) z X

XYTEMP (Z,ITEMP) = Y

RETURN
END
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SUDROUTINE UNSTOR IS CALLED WHNEN A CROSS SECTION WdITH ALL NEGATIVE
C OT PRODUCTS IS ENCOUNTERED. IF DATA POINTS HAVE BEEN STORED
C THEY ARC WRITTEN our By UNSTOP. ALSO VARIOUS COUNTERS ARC RESET.
C
C

SUBROUTINE UNSTOR
COMMnON 'STORCR' ISTRPL. ISTOREC2U) .XYSTORCZ.ZSU).*ZSTOR(ZS) *ISEOCT,

&ITOTST.NSEGCU(21). ISEG

COMMON ePLACE' ICOL

ISEG mISEG +1
NSEGCS(ISEG) zISEOCT
ISEGCT a
ISTRr 1
ISTP a

Lee IF (ISCGCT.GE.ISTRPL) GOTO 2ag
ISEOCT :ISEOCT +1
ISTR :ISTORE (ISEGCT)
WRITE (5,8S ISEGCT.ISTR.ZSTOR CISEOCT)
ISTP =ISTP +ISTR
WRITE (5,99) C CXYSTOR(I,3). I:I,2).3:ISTRT. ISTP)
ISTRT xISTP #t
GOTO 10a

zoo ISTRPL zITOTST a
ICOL :ICOL +1

RETURN
8s FORMAT (iX.Z14,8X.r9.Z)
99 FORMAT (IX.l2VB.2)

END

C SUBROUTINE CONPRS IS USED TO COMBINE DOT PRODUCTS RESULTING FROM
C MORE THAN ONE SEGMENTING PLANE. a I IS ASSIGNED IF THE POINT
C BELONGS EITHER IN THE THORAX OR PELVIS, AND A -1 IS ASSIGNED IF
C THE POINT BELONGS IN THE APPROPRIATE FLAP.
C
C

SUBROUTINE CORPRS
COMMON /PLACE-* ICOL.PDOT9.5)
COMMON /POINTS/ DUMi(i99),NPTS
DO lag Izi.NPTS
IFCPDOT(I.2j.LT.a..AND.PDOTCIoZ).LT.a.) GOTO 75
PDOT(I.1) z .
GOTO 1sa

75 PDOT (1,1) z-1.
iaa CONTINUE

RETURN
END
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C PROGRAM poLISHa*mwauaasaasmsuiassalamaasswSms8uaSSSma*
C

C
C PROGRAM POLISH IS THE THIRD IN A SERIES OF THREE SEOMENTATION
C ROUTINES. USED TO REGROUP BODY SURFACE DESCRIPTION DATA POINTS INTO
C DATA POINTS DESCRIBING THE SURFACE OF 19 DIFFERENT BODY SEGMENTS.
C POLISH RECEIUS THE DATA OUTPUT BY THE SECOND RUN OF FLAPS, WHICH
C HAS THE DATA SEPARATED INTO TWENTY-ONE SEGMENTS. POLISH PRODUCES A
C HEADING FOR THIS DATA, COMBINES THE SHOULDER FLAPS WITH THE UPPER
C ARM SEGMENTS. AND ADDS TWO CROSS SECTIONS BETWEEN THE THORAX AND

C ABDOMEN AND TWO BETWEEN THE ABDOMEN AND PELUIS.
C
C POLISH READS BODY SURFACE DESCRIPTION DATA POINTS FROM TAPE?. IT

C ALSO READS THE NUMBERS OF THE DATA SETS TO BE PROCESSED FROM TAPC,
C ALONG WITH THE NUMBER OF CROSS SECTION PER SEGMENT OF THE READ IN
C DATA. THE DATA POINTS RESULTING FROM THE PROCESSING OF POLISH ARE

C WRITTEN TO TAPES.

C COMMON AREAS
C
C... 'POINTS.'--DATA PERTAINING TO THE CROSS SECTION PRESENTLY BEING PRO-
C CESSED.
C X--X COORDINATES FOR ALL POINTS IN THE CROSS SECTION.
C Y--Y COORDINATES FOR ALL POINTS IN THE CROSS SECTION.
C HPTS--NUMBER OF DATA POINTS IN THE CROSS SECTION.
C Z--COMMON Z COORDINATE OF ALL POINTS IN THE CROSS SECTION.
C .STP--USED FOR COMMUNICATION BETWEEN ENTRY POINT COPY AND SUBROUTINE
C ADOPT.
C ZLEUEL--CONTAINS THE Z COORDINATES OF THE TWO CROSS SECTIONS TO BE
C ADDED.
C
C... PLACE -- DATA TO KEEP TRACK OF SEGMENT BEING PROCESSED.
C NSEGCS--NUMSER OF CROSS SECTIONS PER SEGMENT OF DATA READ IN.

C ISEG--NUMBER OF THE SEGMENT BEING PROCESSED.
C
C... zSTORERe--DATA PERTAINING TO THE STORAGE OF DATA POINTS BELONGING TO
C THE SHOULDER FLAPS.
C XYSTOR--XY COORDINATES OF ALL STORED DATA POINTS.
C ZSTOR--Z COORDINATES OF EACH CROSS SECTION WITH STORED DATA POINTS.

C NPSTOR--CONTAINS THE NUMBER OF DATA POINTS IN EACH STORED CROSS SEC-

C TION.
C IISTRT--THE NeXT FREE ELEMENT IN XYSTOR.

C IISTP--THE NUMBER OF CROSS SECTIONS STORED.
C
C...-FORMe--FOR"ATS USED BY SEUERAL ROUTINES.

C
CC~saa3am aaama m*a~aa*aaa~mmaaamaasaS~aamaawuaaamamuaam

PROGRAM POLISH (INPUTOUTPUT.TAPE?,TAPES,TAPE3)
COMMON /POINTS., X(9),Y(99)*NPTSZ,ISTP.ZLEVELCZ)
COMMON /PLACE-' NS£GCS(t 2,ISEG
COMMON /STORR/ XYSTOR( 123),ZSTORCIS)*NPSTOR(S). IISTRT.IISTP
COMON /FORM/ NINE(Z).CIGHT(Z)
DATA NINE .1H(1X.ZI4,SX.3H.FB.2)/' EIGHTI6H(IX.IZFS.2.IN)'

READ (3,11) ISTRT,ISTP.INC
DO 1696 ISUDZISTRT,ISTP.INC
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ISEG e
USTRT : IISTP =
WRITE (5.88) ISUS

READ (3,9 ) NSEGCS

CALL LABEL

CALL LMARK

CALL SKIP (3)
CALL STORE (2)

CALL ADDPL
CALL STORE (2)

ZISTRT : IISTP 1

CALL COMB (4)
CALL SKIP (2)

CALL COMB (S)
CALL SKIP (2)

CALL COMB (8)

CALL SKIP (3)

CALL COMS (9)

CALL SKIP (3)

ENDFILE S

1808 CONTINUE

STOP *FROM POLISH-
11 FORMAT (315)

B8 FORMAT (*I,31X.*SUB3ECT NUMBER*,13)
99 FORMAT (4X.21I3)

END
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SUBROUTINE LMApK READS IN THE LANDMARK COORDINATES, AND WRITES THEM
BACK( OUT WITH NAM'ES. ADDITIONALLY IT STORES THE Z COORDINATES Or

1: LANDMARKS 7 AND 52, ImICH DEF!NE THE SEPARATION BETWCEN THL TKRA
cAND ABDOM~EN, AND ABDOMIEN AND PELVIS RESPECTIVELY.

SUJBROUTINE LrARK

COMMON /POINTS/ DUM(201).ZLEUZL(Z)

DIMENSION IMARKCZ),ARD(4)LM(N'.Z',.)
DATA IMARK'7,5Z'

& BHNUCHALE I1BM .1BHCER'JICALE .1BM

18HeLErT ACROM-lOHIALE .IBHRIGHT ACRO.10MMIALE
ISHLErT POS SI0HCYE iSBHRIGHT POS IOHSCYL
18HIOTH RIBMI,l0HDSPINE .10HPOS SUP :"10HIAC "S~

& IBNL MED MUM .IBHEPIC.N -1BHR MED HUM !8BHEPICCri
& ~IOHL LAT HUM 10OHEPICON .10HR LAT HU M .HPC

&IGHLErT OLECR.IeHANON 16AHRIGH'T OLEC,101HRAMN
& IBHLEFT RADIA.ISHLE i1emRrGHT RAD1.IBHALE

1BHL GLUTEAL .1oHrOLD 10HR GLUTEAL .1BHFOLD
I IBL ULNAR ST. IONYLOID -.1BHR UL.NAR S

T
.IEPHYLOID

IBNL RADIAL S. 1004TYLOID '18HP RADIAL 10HTYL01UI
&101-IL METACARP,10HALE II 10BHR METACAPP,Ib4ALE J!

& I8HL MCTACARP.10HALEIII .18HR METACAPP.I0HALEIII

& ISHL METACAR
0
.IOHALE V .HPMETAC.ARP..BH4.LEV

& IOHLEFT DAC'Y.10HLION .10HRIGH.T D.ACT.I0HYLION
& IOHL P05 CALC,1BHANEUS .10HP POS CALC.IOHANEUS

& IMHEAD CIRC 'IBM .IBHSELLION .IBM
&. IBHL INFRAOR8.IOHITALE .18HR INFRAORB.IBHITALE

& OHLEFT TRAGI..IBHON 10BRIGI-T TRAG,10HION

& l0HLErT GONIO.IN Ie0HRIGHT GONI'lOHON
& IOMMID THYROI.IOHD CART .1BMLErT CLAUI.IBHCALE

& 10HRIGHT CLAU. 1OHIC,%LE *iemSUPRASTEPN,10OHALE

& 1OHLEFT ANT S. IOHCYE .16H.4IGkT ANT IOMSCY :

& ISHLErT BOSTPIOHO1N7 .ISHRIGHT BUS7,10HPO!HT
L l0HLErT 10TH .10HPIs .I8HRIGHT 107H. ION RIF

& 1BHL ILIOCRIS.IOHTALE .10HR ILIOCRIS:B.-TALE
DATAC(LMKNM(I.J1. 1:1.21 ,j=53,77)
&IOMLErT ASIS I0H 18HRIGHT A~.8

& 10HSYMPHYSION. ION 10HL TROCHANIT 'HER,'c.-
s IBHR TROCMANT,10HERION IO0HL LAT rEM 160HCONDY

& 10HP LAT rEM 10HCONDYL .10HL MED FEM IO8HCONDYL
& 1BHR MED rEM .10HCONDYL .18HLEPT TIBIA. lONLE
& 19MRIGHT TIBI.1eHALL .10HUEFI rPIEUL.1HARE

& 18HRIGHT FIBU,IOHLARE .19HL LAT MALL,1014EOLUS
& 1BHR LAT PALL,1BHEOLUS .IBHLErT SPHYR,10HION
&. 16HRIGHT SPHY.IeHRION ieOHL METATARSIBHAL I

& IBHR METATARS.IBHAL I 10BHL METATARS.IBHAL U

& 1BHP METATARS.ISMAL V -18MLEFT TOE I113M
& XBNRIGHT TOE .I0HII .I9HCROTCH SEN. IONSOR

& I8H(4Z + 43)/.IOHZ

ICNT I

DO 10B I:1.7S
Ir (I.EG.IMARK(ICNT)) GOTO 75

READ (7,99) CARD

WRITE (5,66) CARD(2).(LMKN4M(J, L)J:1l.2).(CARD(I), Z2.4)

GOTO 100

745 READ (7,88) II.X.Y.ZLEVELC!CNT)
WRITE 5.,77) II * LMKNMC 3. I * :1.2) *X. Y.ZLEUEL ICNT)

ICNT :ICNT +1

1e0 CONTINUE
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ECAD (7:.77)
READ (7 77)
RETURN

66 FORMiAT (A5.SX.SAIS)
77 FORMAT (IS.SX.ZAl9.3Fl4.Z)
as rORMAT (15.3F1S.Z)
99 FORMAT (AS.3AIG)

END

C SUBROUTINE SKIP IS USED TO SKIP OUER NSEG SEGMENTS WHICH REQUIRE
C NO PROCESSING.
C
C

SUBROUTINE SKIP (NSEG)
COMMON /POINTS/ X(99).Y(99).NPTS.Z,JSTP
COMMON /PLACE/ HSCGCS(Zl),ISEG
COMMON /FORM / NZNECZ).EIGHT(Z)
JSTRT zI
GOTO 10
ENTRY COPY
JSTRT =NSEG .1
NSEG =1

10 DO 10 I:I,NSEG
ISEG = ISEG +1
3STP = STRT + NSCOCS(ISEG) -1

so Do 100 1 z STNT,JSTP
READ (?,NINE) IPLANE.NPTS.Z
WRITE (5.NIHE) J,NPTS,Z
READ (?,EIGHT) (X(II3,Y(II ). II:I,NPTS)
WRITE (5.EIGHT) (X(II),Y(ZI). II:INPTS)

lee CONTINUE
RET URN
END
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SUBROUTINE LABEL WRITES OUT SEGMENT NAMES AND THEC NUMBER Or CROSS
C SECTIONS PER SEGMIENT AFTER PROCESSING By POLISH.
C
C

SUBROUTINE LABEL
COMMON ,PLACE/ NSEGO.SCZ1)
DIMENSION SEGNM(19)
DATA SEGNM /ANNEAD. 4HNECK. SNYNORAX. THABDOMEN, 6NPELVIS. SNR FLAP. 6NL

S FLAP.6NRU ARMq.S4RF ARMGHR NANDGNLU ARM,SNLF ARM,6NL HAND,
67HR THI-F.&NR CALr.SNR FOOT.?NL TNI-F.GHL CALF,6ML FOOT .

CALL. WRTR ( 1, 2.0,EGNM
WRITE (5.99) SEGNM(3).NSEGCS()3 ) 1
WRITE (5,99) SEGNM(4).NSEGCSCS ) +2
WRITE (5.99) SEGNMCS).NSEOCS(? ) *1
WRITE (5,99) SEGNM(S).NSCGCS(1@) *NSEGCS(d)
CALL WRTR C 9.1S.Z,SEGNM)
WRITE (5.99) SEGNn(ii.),NSEGCScl3 * NSEGCSCS)
CALL WRTR (12,13.2.SEGNM)
WRITE (5,99) SCGNM(G).NSEGCS(I
CALL WRTR (14.1&.Z.SEGNM)
WRITE (5,99) SCGNM(7).NSEGCS(9 )
CALL WRTO (l?.19.ZSEGNM)
RETURN

99 FORMAT CA15,IIS)
END

C SUBROUTINE WRTR IS CALLED BY LABEL TO WRITE OUT THE NAME OF AND NUll-
C SER Or CROSS SECTIONS PER SEGMENT FOR SEGMENTS ISTRT THROUGH ISTP.
C

SUBROUTIN4E WRTR CISTRT. ISTP. IOFr.SEGNM)
COMMON ZPLACE' NSEGCS(2I)
DIMENSION SEGNM (19)
DO 199 I ISTRTISTP

too WRITE (5,99) SEGNM(I).NSEGCSCI IO1FF)
RETURN

99 FORMAT (A15.115)
END
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SUSRQUTINE STORE IS CAL4ED 7O STR DATA POINTS BELONGING TO THE

S3HOULDER FLAPS.

SUBROUTINE STORE CNSEG)

CVOMO 'STORER/~ YSTOR ieI.ZST0Pt35),.PSTOR(35).IXSTRTZPLSTR
CV"MON~ /PLACE, H~tGCS(Z1), ISEU3

CQrTON IFORMe HNH(2),EIGHT(Z

IPLSTR -L
90 100I 1 I-SEG

f ISEG -1
1 ! tP'.. NFL - NSEGCS(I$EG)

IF (NPL.CT.35) STOP ';:TOR AND NPSTOR UNDER DIM ENSIONED IN POLISH"

00 ZZO 1 IPLSTP.HPL
REA~D 7,NIN) IPLHNPSTOU,.),STR(l)

.S IISTRT - Z-HPSTOR~l) -1
Ir 1ISP.GI120 STOP -XYSTOR UINDER DIMENSIONED IN POLISH"
Re-AD (7.EIGH-T) (XYSTOR(II).ti itISTRT,!ISTP)

Zee IISTRT :IISTP -1

!PLSTR :NPL +t
RET URN

EN )

c S3JBROUTIME COMB COMBINES THE CROSS SEITOtNS or A SMOULDER Ft-AP WITH

C THE APPRopIarc UPPER ARM SEGMENT.

SUB8ROUTINE COMO UrSEG)

COMMON /PLACE, NSEGCSC2IJ
COMMiON /STOPRER. XYSTOR( I20 )ZSTOR(35' ,NPSTQP(35;. IPLSTR. ZPTSTP

COMMON /FORM/ NINE(2).ElGHT(?)
NPL H SCOCS(ISEG)
X) ic0e 'l 1,NPt.

N1PTS =NPSTOR(IPLSTR)

"RITE C5.HINEY I.NPTS-ZST0R~lPLSTR
IPr TP - PTSTR - ZaNPTS -L

4RITE (5-EIGHT) tXYSTO~t.I:IPTSP- FPYSTP)
:PLZTP =IP'-STR -1

,1)0 7PTITR z PTS7P *1
F ISIEO.LT.S) CALL C:OPY NPL'

RET URN
END
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SUBROUINE ADDPL CONTROLS THE CREATION OF Z NEW CROSS SECTIONS AND
C THEIR WRITING OUT.
C
C

SUBROUJTINE ADDPL
COMMON 'POINTS/ X(99),Y(99),NPTSZXPNL.ZLEVELCZ)
COMMON -'TORM/ NINE(Z).EIGHT(Z)
DIMENSION XZCVS),YZC75) .A(7S) .3(75)
DO lag I=1,
READ (?,NINE) IPL.NPZ.ZZ
READ (?,EIGHT) C~I .Y(I) I1NZ
ISTP :NPZ/6
IF C SSJSTP.LT.NPZ) JSTP : STP +1
JSTP : STP +1
DO 90 J=1.JSTP
BACKSPACE 7

96 CONTINUE
CALL INTPNL CX. Y. Z.NPTS. X2.YZ. Z2.NP2. A, B.ZLECJEL C1 NPAB)
WRITE (5,NINE) IPNL *l,NPAB,ZLEVELCI)
WRITE CS.EIGNT) (ACII3'BCII). IIxl,NPAB)
WRITE (5.NINE ) IPLNPAB.ZLEUEL(I)
WRITE CS.EIGNT) CCI.CI.I:.PI
CALL COPY (IPL)

ISO CONTINUE
RETURN
END

C SUBROUTINE INTPHL CONTROLS THE CREATION or A CROSS SECTION. TNE
C CROSS SECTION IMMEDIATELY ABOVE THE ONE BEING CREATED IS DESCRIBED
C BY THE FIRST FOUR PARAMETERS, THE ONE IMMEDIATELY BELOW IS

C DESCRIBED BY THE NEXT FOUR PARAMETERS.

SUBROUTINE INTPNL CXIYI,ZI.NPI.XZ,YZ,ZZNPZ,AIBI.ZABNPAB)
DIMENSION XI(NPI), YICNPI) .XZCNPZ).YZCNP2),AI C99),BICSS),

&B2(99),ANGICI98),RAD1C196),ANGZ2198),RADZ(19B),THTAC99)
DATA TWOPI.6. Z31953S6'
CALL WEIGHT ClZIZ2.ZAB.WTl,WTZ)
XG Ye 0.

CALL SUMXY (X1.Y1.NP1,XI,YSWT1"TLOATCNPI))
CALL SUMXYCXZ.YZ, NPZ, XI.YS.WTZ/rLOATCNPZ))
NPAB =IFIXCWTI*FLOAT(NPI) +WTZmTLOATCNPZ) + .5)
CALL POLAR CX1,YI,XS.YS.NPI,ANG2(5S).RAD1CSI))
CALL POLAR (XZYZ,XU.YS.NPZ.ANGZ(SS),RADZCSI))
THTA (1) :WT1SANGICSO) + WTZUANGZ(5S)
RINC zTWOPI,'PLOAT(HPAN)
DO 10 1 z ,NPAB

is THTA(I) zTHTACI-I) + RINC
CALL INTER CANG1.RADI.NPI,TNTA.B1,NPA9)
CALL INTER (ANGZ.RADZ,NPZ,TNTA.BZ.NPA9)

DO Is@ I:I.NPAB

Is@ 21(I) z T1*BICII + WTZ*3ZCI)
CALL RECT (TNTA.BI.AlNPAB.X6.YU)
RET URN
END
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* SUBROUTINE EZGHT COMPUTES NEIGHT FACTORS TO BE USED IN WEIGNTCD
C AVERAGES FOR CROSS SECTION CREATION.
C
C

SUIROUTINE WEIGHT CZIZZZAB.WTI,WTZ)
WTI %1 - ZZ

WTZ (ZI - ZAS)/WTI
WTI z (ZAN - ZZ)'WTI

RETURN
END

C SUBROUTINE SUMXY ADDS X AND Y TO Xg AND YO, RESPECTIVELY WITH A
C WEIGHT FACTOR.
C
C

SUBROUTINE SUMXY (X.Y,N.XS.YSWT)
DIMhENSION X(N).Y(N)
DO le I IH
xe XI * WTUXLI)

lee YO YO WTYYI)
RETURN
END
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* SUBROUTINE POLAR COMPUTES THE POLAR COORDINATES OF EACH XY PAIR IN

C PARAMETERS X AND Y, RELATIU TO THE PARAMETERS XI,Y9. IT ALSO
C ORDERS THE RESULTING POLAR COORDINATES BY ASCENDING ANGLE. AND
C REMOVES ANY POINT THAT IS A DUPLICATE.
C
C

SUBROUTINE POLAR (X.YXSYSN-ANG.RAD)
DIMENSION X(N).Y(N).ANG(9S).RAD(99).IR(99)
DATA TUOPI/,.Z331953S3/
DO 13 I1.N
XP z X(I) - XG

YP YCI) - Ye
RAD(I) ; SORT(XP*SZ * YPUUZ)
Ir (RAD(I) EQ.@.) STOP ,RDzUS or LENGTH S. IN POLAR-
ANG(I) A ATANZ(YPXP)

i3 IfR() I
C
C SUBROUTINES USRTR AND VSTRU ARE FORM THE IMSL LIBRARY, AND USED TO
C ORDER THE RESULTING POLAR COORDINATES.

CALL USRTR (ANG,N.R)
CALL USRTU (RAD, .,.N.S.IR.1K)
ISTRT 1
ANGLST A ANG(N) - TWOPI

so DO 16 IzISTRT.N
IF (AHNG(I).EQ.ANGLST) GOTO 833

lee ANGLST ANG()
RETURN

zoo ISTRT I I
N N -1
Ir CISTRT.GT.N) RETURN
0 30 Iz:ISTRTN
ANG(I) = ANG( I1)

300 RAD(I) a RAD(+I)
GOTO 50
END
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*SUBROUTINE INTER EXTENDS THE POLAR DATA POINTS 1/.2 PERIOD TO THE
C LEFT AND RIGHT. IT THEN PITS A SPLINE TO THESE DATA POINTS, AND
C EVALUATES IT AT THE ANGLES SPECIFIED IN PARAMETER THTA. THE RE-
C SULTS ARE CONVERTED TO RECTILINEAR COORDINATES AND RETURNED IN
C PARAMETERS A AND B.
C
C

SUBROUTINE INTER (ANG.RAD.NP,TNTA.B.NPAU)
DIMENSIONAN(g)AD16.TTANA)BNAC173BARj
DATA TbOPI/G.Z83165306'. IC/197/
ISTAT 59 + NP
ISTP ISTRT + HPoZ
DO 108 1 :ISTRT.ISTP
ANGCI) :ANG(I-NP) + TW4OPI

isa RAD(1) RAD(I-NP)
ISTRr 58 - NP # ZSTP - ISTNT *I

DO 119 IzISTRT,49
ANOCI) z ANG(I'NP) - ThIOPI

119 RAD(I) zRAD(I+NP)

ISTP zISTRT + ZwMP -1
CALL DERIV (ANG(ISTRT).RAOCISTRT1.2.NPPXI.PXCN)
BPARCI) =BPAR(3) z1.
BPARCZ) =6.SCRAD(ISTRT.1) - RAD(ISTRT))/

& (ANOCISTRT4I) - ANGCISTRT))8WN - FPXI
BPAR(41 2 6.FrPXN - RAD(ISTP) + RADCISTP -1))/

I CANG(ISTP) - ANO(ISTP -1))
C
C SUBROUTINES ZCSZCU AND ICSEIJU ARE FROM THE IMSL LIBRARY, AND ARC
C USED TO FIT AND EVALUATE THE SPLINE.

CALL ICSICU CANG(ISTRT).RAD(ISTRT).NP.2.BPAR.CIC..IER,
CALL ICSEVU (ANGCISTRT).RADCISTRT).NP.2.C.IC.TNTA,..pAB)
RETURN
END

C SUBROUTINE RECT CONVERTS THE POLAR COORDINATE PAIRS (THTA,e1 rO
C RECTILINEAR COORDINATE PAIRS (A,&) RELATIVE TO (X@,YS).
C
C

'UBROUTINC RECT C TNTA,B3,A. NPA8. Xe.YB)
DIMENSION TNTACNPAB).DCNPAB.,ACNPAB)
DO 1b0 Iz1.NPAB
A(I) : CI2SCOSCTNTaCZJJ * xe

lee B(I) zBCI)wSIN(THTACI)) + Yb
RETURN
END
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SUBROUTINE DEftlY IS CALLED BY INTER TO SUPPLY VALUES FOR THE DCftlY-
C ATIVE OF THE SPLINE AT ITS END POINTS.
c

SUBROUTINE DERIV CX.Y,Np.rpx1.rpxmN
DIMENSION X(NP).YCNP)
DATA TWOPI/6. 213 153S60/
Xe X(NP/2) - TwoPI
Ye :YCHP/2)
CALL rP Cxa.Y3.x~L).Y(l ),xC23,Y(2).rPXI)
XG X(NP-'Z + 1) 4 TWOPI
Ye :Y(HP/2 + 1
CALL FP cxNp-1i).YcNP-l .x(NP).YCNP),xg.YI.rPxNI
RE TURN
END

C SUBROUTINE FP IS USED TO CALCULATE THE DERIVATIVE OF THE PARABOLA
C PASSING THROUGH (XI.Yi), (XZ.YZ). AND (X3,Y3). EVALUATED AT
C (XZYZ).
C
C

SUBROUTINE rP (X1.Y%,XZ,YZ,X3,Y3.rpx2)
DENiz (XI-XZ) 8 (XlES3)
DENZ zCXZ-Xi) m (1(2-23)
DEM3 : (XS2(12 a (1(3-2(2)
rPxZ z.( a~x Cyl/DENI + yZ",DemZ *y3.geoem)
rPxZ zPX r -x (22 + x3)SYt/DENI (Xl * X3)=YZ/DENZ

u. -cxl +. x2)*Y3/vEN3
RETURN
END
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APPENDIX G

SAMPLE OF DATA PRODUCED BY SEGMENTATION ROUTINES

This appendix lists the final output of the segmentation rou-

tines (i.e., the output of program POLISH) for the eleventh data set.

This illustrates the header produced by program POLISH, as well as

the cross section format used for the stereophotometric data.

The first line of each of these data sets gives the number

associated with the subject for which the data was prepared. The

next 19 lines give the number of cross sections each segment contains.

These 19 lines also reflect the order in which cross section data are

arranged (i.e., cross sections with data points belonging to the head

first, followed by cross sections associated with the neck, etc.).

The 76 lines following list the landmark points and their locations.

These locations are relative to the axis system used by TIRR (Z upward,

X and Y approximately to the subject's right and front, respectively,

and coordinates measured in centimeters).

The lines mentioned above form the header produced by program

POLISH. Following these lines is the body of the data consisting of

the body surface data points, listed by cross section. The format

used for this portion of the data set is consistent between the TIRR

data, and the data output at each stage of segmentation. As mentioned,

the body surface data points are grouped by horizontal cross section.

The first line for each set of data describing a cross section gives

the cross section number, number of data points in the cross section,

and common Z coordinate of all data points in the cross section (in

that order). After this line follows the X, Y coordinates of all data

points in the cross section, with up to six X, Y pairs per line. As

with the landmarks the coordinates of the data points are relative to

the axis system used by TIRR.
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SUB3ECT NUMBER 11
HEAD 12
NECK 7
THORAX 26
ADDOMEN 3
PELVIS 11
RU ARM 16
RF ARM 11
R HAND 1
LU ARM 16
LF ARM 12
L HAND 1
R FLAP a
R THI-F 15
R CALF 21
R FOOT 4
L FLAP 7
L THI-F 15
L CALF 21
L FOOT 4
1 NUCHALE 4G.92 -9.26 156.65
2 CERUICALE 46.93 -7.62 147.42
3 LEFT ACROMIALE 28.42 -6.2S 139.72
4 RIGHT ACROMIALE 65.79 -5.67 139.49
5 LEFT POS SCYE 31.76 -11.23 129.63
6 RIGHT POS SCYC 62.67 -19.71 128.41
7 16TH RIDMIDSPINE 46.79 -6.99 18.13
6 POS SUP ILIAC MS 47.67 -16.79 181.02
9 L MED HUM EPICON 26.21 -. 18 166.@5
i6 R MED HUM EPICON 66.69 .49 16.82
11 L LAT HUM EPICON 23.41 -5.94 109.89
12 R LAT HUM EPICON 76.94 -5.62 109.16
13 LEFT OLECRANON 27.61 -4.79 10.79
14 RIGHT OLECRANON 66.16 -4.55 167.97
15 LEFT RADIALE 23.44 -5.33 18.06
16 RIGHT RADIALE 76.97 -5.34 167.17
17 L GLUTEAL FOLD 39.45 -11.93 77.61
16 R GLUTEAL FOLD 55.89 -12.76 77.71
19 L ULNAR STYLOID 15.99 -2.66 65.27
26 R ULNAR STYLOID 79.27 -2.39 64.37
21 L RADIAL STYLOID 16.32 -2.72 86.53
22 R RADIAL STYLOID 84.61 -2.43 86.14
23 L METACARPALE I 6.21 -1.94 79.12
24 R METACARPALE I 6.48 -1.41 79.19
25 L METACARPALEIZI 9.33 -3.84 77.35
26 R METACARPALEZII 65.66 -1.69 77.6
27 L METACARPALE U 14.18 -. 45 77.97
26 R METACARPALE U 60.92 .61 77.21
29 LEFT DACTYLION 6.81 -1.23 67.99
30 RIGHT DACTYLION 66.97 .60 67.95
31 L POS CALCANEUS 34.38 -12.77 1.22
32 R POS CALCANEUS 59.56 -13.62 1.21
33 HEAD CIRC 47.16 8.91 165.68
34 SELLION 47.02 6.57 161.99
35 L INFRAORDITALE 42.93 7.04 166.31
36 R INFRAORDITALE 47.56 6.94 160.12
37 LEFT TRAGION 39.89 -. 29 158.84
36 RIGHT TRAGION 54.22 -. 45 158.8
39 LEFT GONION 41.59 .76 153.16
40 RIGHT GONION 52.69 .55 153.16
41 MID THYROID CART 46.97 3.69 146.65
42 LEFT CLAVICALE 44.23 2.61 142.83
43 RIGHT CLAUICALE 49.71 2.68 142.76
44 SUPRASTERNALE 46.94 3.47 141.59
45 LEFT ANT SCYE 31.36 .75 126.26
46 RIGHT ANT SCYE 62.65 1.11 126.42
47 LEFT BUSTPOINT 37.46 13.57 125.94
46 RIGHT BUSTPOINT 56.56 13.89 124.75
49 LEFT 10TH RID 34.33 -1.62 169.11
s RIGHT 16TH RID 66.13 -1.95 166.99
51 L ILIOCRISTALE 32.13 -.76 164.91
52 R ILIOCRISTALE 61.69 -1.61 166.39
53 LEFT ASIS 35.89 8.83 94.72
54 RIGHT ASIS 66.42 7.16 95.27
55 SYMPHYSION 47.45 9.36 6.95
56 L TROCHANTERION 29.62 .09 8.61
57 R TROCHANTERION 65.79 -2.26 69.67
so L LAT FEM CONDYL 32.75 -5.69 49.81
59 R LAT FEM CONDYL 62.63 -4.97 46.67
If L MED FEn CONDYL 44.18 -6.76 47.36
61 R MED FEM CONDYL 51.27 -4.75 47.29
62 LEFT TIDIALE 42.11 -5.47 44.33
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63 RIGHT TISIALE 52.96 -4.19 44.29
64 LEFT FIBULARE 32.83 -6.O 44.31
65 RIGHT FIBULARE 82.95 -6.99 44.53
66 L LAT MALLEOLUS 31.45 -8.1 7.24
67 R LAT MALLEOLUS 62.41 -9.72 7.08
66 LEFT SPHYRION 37.29 -4.76 6.71
69 RIGHT SPHYRION 56.34 -5.99 6.31
78 L METATARSAL 1 38.23 5.57 2.33
71 R METATARSAL 1 56.79 5.31 2.27
72 L METATARSAL V 29.62 3.36 .90
73 R METATARSAL V 65.63 Z.22 .68
74 LEFT TOE 11 34.29 11.79 .12
75 RIGHT TOE 11 61.81 11.69 .46
76 CROTCH SENSOR 47.49 2.24 79.28
1 1 173.97

47.56 1.31
2 is 171.93

43.3 :6 .9 45.67 -7.22 46.39 -7.72 47.66 -7.4 46.97 -7.91 49.5 -7.36
56.39 6.47 5687 -5.92 56.87 1.63 49.62 2.6 48.34 3.16 46 3.29
44.96 2.51 44.01 1.51 43.47 .75

3 26 169.96
41.49 -5.40 42.45 -6.79 44.68 -0.26 45.93 -9.46 46.26 -9.59 56.60 -9.19
51.92 -9.6 52.74 -6.53 53.33 -5.73 53.46 -5.33 53.45 -.64 52.67 1.42
S2.67 2.64 56.67 4.21 48.59 5.55 46.46 5.61 44.16 4.93 42.57 3.25
41.79 1.76 41.38 1.94

4 22 167.9646.12 -4.99 46.76 -6.32 41.68 -7.96 43.63 -9.79 45.56-10.44 47.72-10.76
59.64 -9.99 52.68 -6.76 53.76 -7.59 54.49 -6.15 54.76 -4.82 54.56 -. 24
53.67 1.73 52.51 4.97 56.44 6.6 48.37 7.21 45.72 7.87 43.16 5.96
41.53 3.85 40.54 1.89 39.69 -. 22 39.76 -.79

5 29 165.96
39.55 -4.92 46.63 -6.33 46.87 -7.79 42.19 -9.25 43.76-16.43 45.47-11.17
47,52-11.29 56.40-19.97 52.31 -9.69 53.72 -9.49 54.86 -6.96 55.36 -5.17
55.66 -4.14 55.46 -. 55 55.92 1.29 54.07 3.37 52.97 5.21 51.38 6.69
49.65 7.59 47.92 9.91 46.17 6.91 44.77 7.63 43.29 6.87 42.9 5.81
46.71 4.65 39.73 1.91 39.29 -. 17 39.6 -.91

6 28 163.93
39.59 -6.02 46.41 -7.73 41.73 -9.65 44.65-11.06 46.27-11.59 48.61-11.54
51.15-16.99 53.39 -9.48 54.26 -6.11 54.94 -6.33 55.57 -4.66 55.85 -3.51
55.89 -3.14 55.66 -.76 55.18 1.29 54.42 3.22 52.96 5.81 51.52 7.31
49.32 8.61 46.95 8.33 44.93 9.16 43.63 7.73 42.25 6.95 41.33 5.79
46.44 4.8 39.73 2.36 39.13 .44 36.67 -. 40

7 31 161.91
36.96 -3.16 39.32 -4.63 40.69 -6.95 41.45 -6.79 43.43-19.81 46. 10-11.94
40.82-11.66 51.09-16.61 52.73 -9.9 53.96 -6.53 54.67 -6.97 55.40 -4.77
55.50 -3.73 55.6? -2.95 55.32 -. 87 55.66 1.44 54.33 3.47 53.25 5.43
51.76 6.69 49.99 7.26 49.67 7.14 47.69 6.36 46.96 9.63 45.96 7.90
44.93 7.82 43.94 7.12 42.22 6.44 49.68 4.92 39.89 3.96 39.34 1.39
39.07 -. 56

6 36 159.92
36.34 -2.98 36.77 -3.22 39.21 -3.85 39.36 -3.73 39.96 -5.55 49.72 -7.39
43.11 -9.82 45.96-11.33 48.9-11.32 50.12-19.84 52.21-18.62 53.55 -8.45
54.55 -5.69 55.84 -3.68 55.49 -3.55 55.95 -3.32 56.10 -2.26 55.44 -.83
55.03 1.16 54.26 3.94 S3.19 5.61 51.40 7.10 49.96 7.49 40.65 9.12
47.96 9.97 46.90 9.96 46.05 9.73 45.37 9.71 44.25 7.61 42.46 7.96
41.07 5.8 39.84 3.69 39.40 1.67 39.99 -.22 38.66 -1.91 39.29 -2.52

9 36 157.94
39.71 -3.34 39.36 -3.41 39.83 -3.26 46.35 -4.44 46.99 -6.55 42.16 -6.29
43.99 -9.62 45.64-10.1.9 47.47-16.44 49.63-10.36 56.69 -9.79 52.44 -6.45
53.36 -6.68 54.29 -4.87 54.63 3.48 55.67 -3.63 55.47 -3.45 55.23 -2.32
54.43 -1.33 54.43 2.27 53. u 4.97 52.26 6.89 56.67 6.66 49.15 9.21
46.56 9.19 47.99 9.49 47.19 19.36 4G.49 16.06 46.06 9.01 45.43 9.07
44.42 6.11 43.29 7.96 41.78 6.83 49.79 5.42 39.95 3.42 39.66 -. 14
39.28 -1.47 30.77 -2.47
16 36 155.96

39.26 -1.89 39.71 -1.99 46.35 -1.53 49.94 -1.67 41.69 -3.66 41.71 -5.00
43.14 -6.47 43.96 -7.25 56.76 -7.20 51.12 -7.95 52.4 -5.67 53.23 -4.05
53.53 -2.15 53.90 -2.14 54.39 -2.49 54.85 -2.55 54.95 -2.55 54.72 -.65
53.97 .25 53.96 2.57 52.59 5.50 56.67 6.61 4?. 7 9.46 45.96 9.36
43.75 9.26 41.65 7.91 46.62 5.93 46.14 2.96 39.79 .21 39.46 -.39
11 16 153.95

41.06 -1.59 41.06 -1.61 53.31 -1.67 53.61 1.61 53.39 3.39 52.16 5.09
56.57 7.29 49.70 9.45 47.16 9.22 45.21 9.96 43.42 7.74 42.23 6.69
41.12 5.31 46.68 3,29 40.63 1.63 46.63 1.63
12 a 151.90

51.7? 4.9 51.44 5.47 50.11 7.32 48.22 6.62 45.76 6.63 43.94 7.66
42.95 6.27 42.26 4.12

1 6 155.96
43.86 -7.25 44.6 -6.26 46.66 -6.64 47.71 -6.46 49.34 -0.64 58.70 -7.29

2 12 153.95
41.86 -1.51 41.35 -3.0 42.25 -4.66 43.23 -6.29 45.96 -6.91 47.35 -7.35
49.42 -6.96 S0.91 -5.93 52.16 -4.97 52.9S -3.47 52.26 -2.22 53.31 -1.67
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3 28 151.98
41.76 -2.87 42.65 -4.45 44.84 -6.13 45.38 -6.69 46.95 -7,89 48.76 -6.77
50.67 -5.95 51.97 -4.76 52.51 -3.69 52.95 -2.36 53.12 -1.30 52.99 -. 95
52.37 .69 52.82 3.83 51.77 4.88 42.28 4.12 42.12 3.85 41.91 1.83
41.61 -.24 41.46 -. 61

4 24 149.96
41.84 -3.87 42.55 -5.86 43.68 -6.06 44.78 -6.61 46.47 -6.82 48.82 -6.85
58.88 -6.58 51.37 -5.56 52.84 -4.51 52.64 -3.59 52.76 -3.84 52.64 -. 16
52.09 .51 58.98 1.61 49.79 3.19 49.98 4.46 48.38 6.42 46.79 7.79
45.14 7.87 44.28 4.51 43.28 2.07 41.85 .26 41.41 -. 72 41.39 -1.11

5 28 147.96
41.58 -5.40 42.63 -6.15 44.8 -6.74 45.52 -7.31 46.82 -7.39 48.72 -7.95
58.56 -6.56 51.98 -5.85 52.49 -5.22 52.68 -4.66 5Z.6Z -. 37 51.83 .99
58.14 2.04 48.45 3.10 46.86 3.39 45.38 3.01 43.35 1.78 41.99 .37
41.41 -. 83 41.29 -1.71

6 9 145.97
52.78 -,53 52.65 -. 41 51.48 1.31 58.81 2.14 48.19 2.75 45.85 2.83
43. 8 2.11 42.89 .72 41.13 -.53

7 7 143.93
51.14 1.51 49.85 2.16 48.12 2.36 46.23 2.29 44.64 2.28 43.18 1.55
43.11 1.51

1 16 145.97
39.73 -6.66 41.11 -7.62 43.18 -0.28 44.71 -8.32 46.47 -8.52 48.12 -8.51
58.68 -7.98 52.61 -7.39 53.61 -6.78 54.07 -6.85 53.95 -3.45 53.42 -2.28
52.78 -. 53 41.13 -. 53 48.89 -.84 39.87 -Z.18

2 2'5 143.93
36.44 -7.66 37.97 -8.78 39.98 -9.39 42.54 -9.67 44.79 -9.61 46.27 -9.59
48.41 -9.67 58.96 -9.71 53.08 -9.27 55.49 -8.47 56.75 -7.73 57.25 -6.91
57.23 -6.91 56.74 -4.15 55.98 -3.89 54.45 -1.57 53.89 -.48 51.84 1.16
51.14 1.51 43.11 1.51 41.28 .49 39.50 -. 48 37.66 -1.91 36.74 -3.31
36.61 -3.56

3 34 141.93
33.54 -7.73 34.62 -8.55 36.48-18.18 38.86-18.71 41.41-11.84 43.69-18.90
45.94-18.41 47.84-18.22 49.87-18.52 58.77-16.82 52.69-18.82 54.68-18.57
57.82-18.89 58.76 -9.08 59.23 -8.14 59.96 -7.32 68.36 -6.94 68.83 -3.07
58.9 -2.47 56.44 -. 49 55.89 8S 53.26 1.86 51.32 2.77 49.16 3.41
47.17 3.39 45.55 3.52 43.23 3.33 41.28 2.62 38.92 1.24 36.99 -. 65
34.91 -2.85 33.69 -2.55 32.22 -3.21 31.48 -3.58

4 48 139.93
28.36 -6.55 29.83 -8.15 30.51 -8.96 32.29 -9.76 34.49-18.47 36.72-11.49
38.96-11.99 41.680-12.83 43.37-11.71 45.54-11.12 47.36-10.71 49.38-11.24
52.39-11.95 54.91-11.98 56.88-11.56 58.46-11.1859.61-18.19 61.27 -9.48
63.53 -0.17 65.69 -6.04 65.58 -6.14 65.74 -5.97 65.23 -2.56 63.79 -. 77
61.84 -.45 59.74 -.39 57.28 .44 54.86 2.01 51.97 3.76 48.68 4.69
46.43 4.74 43.97 4.66 41.43 3,89 39.52 2.98 37.83 1.13 34.42 .13
32.45 -.21 38.53 -. 99 28.93 -2.31 28.36 -3.34

5 48 137.93
29.96 -9.86 38.98 -9.68 31.98-18.66 34.12-11.38 35.99-12.86 37.72-12.76
39.63-12.93 41.91-12.76 43.62-12.41 45.43-11.54 47.48-11.18 49.69-11.63
52.' 2.52 54.11-12.83 56.82-12.88 57.51-12.52 58.85-11.65 68.58-11.81
62.,. -18.25 63.88 -9.56 65.26 -8.54 65.27 -6.52 65.27 -.44 64.76 .87
62.72 .61 68.70 1.83 58.62 1.54 56.66 2.34 54.58 3.65 52.28 4.44
58.03 5.29 48.36 5.72 46.19 5.89 42.98 5.66 40.87 4.65 37.92 3.58
36.88 2.28 33.89 1.39 31.52 .53 28.96 -.41

6 39 135.95
29.56-10.23 38.16-18.63 32.15-11.66 34.57-12.19 36.20-12.69 36.68-13.73
46.37-13.58 42.64-13.28 44.41-12.65 45.74-11.92 47.19-11.46 48.86-11.89
58.58-12.68 52.35-13.18 54.57-13.58 57.57-13.17 58.61-12.44 59.99-11.76
61.78-11.33 63.26-10.98 64.73-10.82 64.73 .78 63.87 1.38 61.28 2.26
59.96 3.13 57.13 3.76 54.59 4.92 51.83 6.43 48.69 6.82 45.88 7.01
43 54 6.97 41.11 6.38 38.55 5.18 36.84 4.49 35.25 3.45 33.51 2.46
31.76 1.66 29.69 .71 29.56 .61

7 37 133.93
30.16-11.45 31.55-12.16 33.36-12.86 35.35-13.84 36.96-13.65 38.22-14.87
48.98-14.11 42.06-13.8 44.26-13.30 46.80-12.03 47.74-12.83 49.36-12.68
51.13-13.29 53.28-14.12 55.16-14.17 57.29-13.72 58.44-12.91 59.33-12.61
68.81-12.53 62.55-12.18 64.18-11.33 64.19 1.64 62.79 2.65 68.47 3.91
59.01 4.79 55.87 5.99 53.72 6.97 51.75 7.38 48.78 7.59 45.55 7.85
42.74 7.7839.95 7.2t 38.89 6.23 36.11 5.51 34.38 4.42 32.15 2.8938.16 1.96

a 30 131.94
38.76-12.39 31.42-12.59 33.56-13.16 35.52-13.32 36.9-13.44 38.82-14.29
39.93-14.49 41.39-14.29 44.19-13.58 46.13-12.62 47.5-12.19 40.41-12.53
S8.55-13.60 52.74-14.55 54.99-14.47 56.91-14.19 56.29-13.36 59.53-12.81
61.19-12.76 62.68-12.89 63.64-11.78 63.64 2.81 63.18 3.25 68.98 4.62
59.14 5.40 57.86 7.21 55.29 8.19 52.95 9.47 59.62 8.77 48.51 0.69
46.39 8.59 43.5? 6.87 41.15 3.61 39.65 6.24 36.95 7.39 35.97 6.85
32.77 4.22 33.76 2.55

9 35 129.94
31.37-12.83 32.77-12.76 35.52-13.23 37.31-14.07 48.81-14.46 42.43-14.38
44.76-13.75 46.42-12.79 46.41-12.66 5.82-14.86 33.34-14.68 55.52-14.55
97.11-13.93 98.95-12.85 61.19-12.64 62.67-11.67 63.9-11.21 63.89-11.21
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63.89 1.94 62.17 2.55 68.46 5.84 50.37 8.65 56.58 18.87 54.16 18.52
51.52 18.32 49.63 9.85 47.84 9.19 44.87 9.92 41.55 18.98 39.19 18.57
36.87 9.54 35.81 8.19 33.73 5.56 32.25 3.87 31.37 2.62
18 56 127.94

31.91 -5.75 31.99 -6.97 32.86 -8.18 32.14 -9.48 32.21-18.61 32.84-11.79
33.92-12.34 35.46-12.57 37.85-13.68 48.25-14.22 42.94-14.19 45.17-13.37
46.39-12.89 47.58-12.78 48.79-13.52 58.33-14.15 52.57-14.48 55.15-14.27
57.31-13.52 58.69-12.62 59.92-12.18 61.31-12.85 62.39-11.15 62.66-18.44
62.59 -8.67 62.52 -6.89 62.44 -5.12 62.3? -3.34 62.38 -1.57 62.23 .21
62.15 1.98 62.89 3.76 62.81 5.53 61.15 7.43 59.85 9.49 58.79 11.88
56.43 12.15 55.81 12.32 53.83 12.14 51.22 11.67 49.65 11.15 48.19 18.73
46.48 18.73 44.17 11.13 41.12 12.82 37.77 12.87 35.88 11.33 34.83 9.24
33.83 6.99 32.15 4.41 31.66 1.12 31.54 .32 31.61 -. 89 31.69 -2.11
31.76 -3.32 31.84 -4.54
11 55 125.92

32.13 -3.91 32.25 -5.28 32.37 -6.66 32.49 -8.83 32.61 -9.41 33.44-18.81
34.53-18.82 35.74-12.25 37.53-13.88 39.34-13.62 41.69-13.94 44.84-13.82
45.84-14.81 48.35-14.23 51.14-14.23 53.32-14.14 56.13-13.44 58.47-12.87
59.92-11.18 61.81-18.48 61.76 -9.97 62.87 -9.68 62.18 -9.32 62.25 -8.89
62.31 -6.85 62.38 -5.62 62.44 -4.38 62.51 -3.15 62.57 -1.91 62.64 -. 68
62.78 .56 62.77 1.79 62.72 5.98 62.36 7.26 61.39 9.81 60.10 11.22
57.81 13.18 55.29 13.65 52.23 12.87 49.81 11.86 47.81 18.96 45.92 11.31
42.86 12.41 39.23 13.34 36.99 13.43 35.63 12.85 34.11 11.63 32.91 9.57
31.89 7.12 31.55 4.99 31.54 2.97 31.66 1.59 31.78 .22 31.98 -1.16
32.82 -2.53
12 52 123.95

32.37 -2.31 32.55 -3.72 32.73 -5.13 32.91 -6.55 33.89 -7.96 33.86 -9.73
35.64-11.28 37.67-12.56 48.89-13.17 42.49-13.63 44.48-13.93 47.21-13.97
49.61-14.84 52.88-14.85 54.22-13.98 56.18-12.89 58.97-11.31 68.47 -9.69
61.23 -8.62 61.59 -7.69 61.76 -6.37 61.93 -5.86 62.18 -3.75 62.27 -2.44
62.44 -1.13 62.61 .18 62.78 1.49 62.95 2.98 63.12 4.11 62.96 7.88
61.31 18.12 59.93 12.44 58.28 13.30 56.14 13.69 53.69 13.37 51.26 12.54
49.21 11.34 47.51 18.91 44.99 11.68 42.58 12.26 48.88 12.85 37.88 13.35
36.88 13.26 34.41 12.48 33.38 11.23 32.53 8.88 31.67 6.31 31.48 4.76
31.66 3.35 31.04 1.93 32.82 .52 32.28 -. 89
13 55 121.91

32.57 -2.35 32.71 -3.44 32.84 -4.53 32.98 -5.62 33.11 -6.71 34.85 -8.39
35.49 -9.78 37.58-11.58 39.48-12.70 41.64-13.58 43.90-13.61 45.72-13.83
46.88-12.51 40.12-12.93 49.99-13.55 52.18-13.71 55.12-13.25 57.84-12.19
58.29-11.08 59.64 -9.98 68.46 -8.57 61.14 -7.26 61.31 -6.62 61.46 -5.47
61.61 -4.32 61.76 -3.17 61.91 -2.82 62.85 -. 88 62.28 .27 62.35 1.42
62.58 2.57 62.65 3.72 62.58 5.61 61.89 7.48 68.89 9.56 58.79 11.89
56.14 12.98 53.93 12.75 51.39 12.84 49.53 11.61 47.89 18.98 45.69 19.83
43.64 11.27 48.98 11.92 37.88 12.19 36.13 11.96 34.38 11.84 33.26 9.86
32.61 7.36 31.99 4.03 31.98 3.11 32.83 2.82 32.17 .93 32.38 -. 16
32.44 -1.25
14 52 119.98

33.38 -1.87 33.34 -2.87 33.38 -3.86 33.42 -4.86 33.46 -5.86 34.87 -6.99
35.14 -8.34 36.15 -9.76 38.18-12.39 39.65-12.87 41.86-13.17 44.37-13.87
46.84-12.15 47.39-11.96 49.61-13.84 51.99-13.16 54.61-13.89 56.86-12.82
58.71-18.49 59.78 -9.11 68.22 -7.41 68.98 -5.98 68.86 -5.51 680.98 -4.89
68.94 -4.27 68.98 -3.66 61.82 -3.84 61.87 -2.42 61.11 -1.98 61.15 -1.19
61.19 -. 57 61.23 .85 68.90 2.26 68.98 7.83 59.51 8.94 56.95 11.88
54.18 11.26 51.42 18.57 49.79 18.41 47.13 18.67 44.68 10.43 42.63 18.57
48.21 11.30 38.49 11.89 36.38 18.16 34.71 8.54 33.55 6.18 33.89 3.92
33.13 2.92 33.17 1.92 33.21 .93 33.25 -. 87
15 54 117.98

33.91 -3.99 33.91 -4.58 33.91 -5.81 33.91 -5.53 33.91 -6.85 34.33 -7.58
35.54 -9.32 37.35-11.59 39.12-12.41 48.98-12.81 43.61-12.69 45.61-12.81
46.75-11.57 48.26-12.88 58.89-12.71 52.86-12.64 56.11-11.93 58.11-18.79
59.19 -9.78 68.65 -6.51 68.45 -6.92 61.82 -5.27 61.83 -5.28 68.98 -4.6
66.93 -4.13 68.98 -3.59 68.83 -3.86 68.78 -2.52 68.73 -1.99 68.68 -1.45
66.63 -. 92 68.58 -. 38 59.65 3.15 57.93 4.43 57.36 7.37 55.49 8.88
53.94 9.87 51.37 18.37 48.32 18.74 46.59 18.82 44.82 19.57 41.67 9.69
39.80 8.55 38.30 6.90 36.44 6.59 35.83 4.60 35.11 2.03 34.36 .69
33.96 -. 79 33.98 -1.39 33.98 -1.91 33.98 -2.43 33.98 -2.94 33.90 -3.46
16 50 115.98

33.86 -3.77 33.8 -4.29 33.98 -4.82 33.93 -5.34 33.95 -5.86 35.86 -8.16
36.34-10.05 38.86-11.49 40.52-12.31 42.78-1Z.32 45.91-11.43 46.88-11.46
58.47-12.12 52.77-12.15 55.45-11.44 57.43-18. 17 59.52 -6.12 68.39 -5.67
68.57 -4.75 68.51 -4.12 68.45 -3.40 68.39 -2.85 68.33 -2.21 68.26 -1.58
68.28 -. 94 68.14 -.31 60.86 .33 68.82 .96 58.96 2.76 57.61 4.34
55.83 6.03 54.04 7.85 52.45 9.64 50.38 16.48 48.58 18.93 46.72 18.90
44.65 18.99 42.77 18.58 41.51 9.77 39.26 7.99 37.61 6.21 36.45 4.63
35.39 2.72 34.35 1.83 33.83 -. 71 33.74 -1.16 33.76 -1.68 33.79 -2.28
33.81 -2.73 33.83 -3.25
17 46 113.86

34.25 -3.11 34.27 -3.57 34.29 -4.03 34.38 -4.58 34.32 -4.96 35.56 -7.39
36.95 -9.48 38.79-18.89 41.66-11.64 43.60-11.45 45.78-16.61 47.94-18.93
51.29-11.63 53.32-11.52 55.68-18.65 57.87 -9.46 58.93 -7.86 59.98 -5.28
68.17 -4.19 680.15 -3.78 66.12 -3.22 66.18 -2.73 66.89 -2.24 68.85 -1.76
66.83 -1.27 68.61 -. 79 59.96 -. 36 59.96 .19 58.63 2.76 56.62 5.81
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55.61 7.8 53.56 6.72 52.11 9.85 56.11 16.43 47.99 18.92 45.77 16.9743.46 16.66 41.56 9.84 48.67 8.71 36.58 .51 36.05 4.56 35.65 1.31
34.29 -. 2 324.17 -. 79 34.19 -1.25 34.26 -1.7234.22 -2.1634.24 -2.64

16 46 111.92
34.44 -2.36 34.43 -2.86 34.41 -3.24 34.48 -3.66 34.38 -4.12 35.42 -6.29
36.64 -6.32 36.6G-10.23 48.87-16.96 43.22-16.93 45.37-16.43 46.88-1e.ee
46.97-16.71 51.21-11.69 54.42-16.66 56.44 -9.17 56.64 -7.18 59.24 -5.11
59.94 -3.76 59.96 -3.49 59.96 -2.89 59.64 -2.29 59.77 -1.69 59.71 -1.09
59.65 -. 48 59.59 .12 59.52 .72 59.46 1.32 59.48 1.92 57.96 4.17
56.71 5.36 55.13 7.11 53.36 6.61 51.26 16.34 49.26 10.64 46.77 11.11
45.64 16.69 42.87 16.23 40.61 9.16 39.13 7.32 37.29 4.93 35.84 3.12
34.92 1.41 34.52 -. 15 34.58 -. 59 34.49 -1.83 34.47 -1.47 34.46 -1.91
19 29 169.92

34.95 -4.96 35.16 -7.15 37.46 -6.66 39.52 -9.86 42.61-16.28 44.35-10.19
46.63 -9.55 49.14 -9.96 51.61-16.34 54.16-16.92 55.89 -6.99 57.41 -7.88
56.96 -5.76 59.84 -3.73 59.99 -2.94 59.66 1.66 56.46 4.56 56.63 5.96
54.8 7.46 53.06 9.54 51.69 16.56 46.32 11.16 44.25 16.92 42.22 16.17
48.23 6.76 36.23 6.25 36.26 4.22 34.61 1.58 34.32 -. 15
26 33 116.13

33.95 -4.16 35.36 -6.49 37.25 -6.34 39.64 -9.43 42.13 -9.76 44.36 -9.54
46.25 -9.69 47.76 -9.25 49.35 -9.65 51.89 -9.77 53.60 -9.68 55.66 -9.25
57.16 -6.33 59.12 -6.69 66.45 -4.83 61.63 -2.44 66.89 .62 68.15 2.34
58.77 4.30 57.15 5.93 55.61 7.59 53.99 9.67 51.96 16.18 49.76 11.61
47.41 11.37 45.63 11.63 42.67 16.40 48.46 9.38 38.73 7.54 37.15 5.66
35.42 3.76 33.76 1.39 33.55 -1.37

1 33 186.13
33.95 -4.16 35.36 -6.49 37.25 -6.34 39.64 -9.43 42.13 -9.76 44.38 -9.54
46.25 -9.69 47.?6 -9.25 49.35 -9.65 51.69 -9.77 53.66 -9.68 55.66 -9.25
57.16 -6.33 59.12 -6.09 66.45 -4.3 61.63 -2.44 66.89 .02 66.15 2.34
58.77 4.36 57.15 5.93 55.61 7.56 53.99 9.87 51.96 1.1 49.78 11.81
47.41 11.37 45.63 11.63 42.67 19.46 46.46 9.36 36.73 7.54 37.15 5.66
35.42 3.76 33.76 1.39 33.55 -1.37

2 34 167.69
33.81 -3.96 35.52 -6.6) 36.91 -0.13 38.33 -6.81 48.13 -9.53 41.69 -9.76
43.48 -9.64 45.53 -9.15 46.71 -9.62 49.77 -9.65 51.76 -9.67 53.56 -9.54
55.64 -8.97 58.14 -7.75 59.56 -6.57 66.44 -5.19 68.93 -3.65 61.66 -3.69
61.66 -3.69 66.77 .94 59.99 2.76 58.64 4.46 56.19 6.95 54.20 6.92
52.45 9.96 49.72 11.64 46.67 11.35 43.06 16.71 41.27 9.67 39.31 8.29
37.71 6.48 35.65 3.37 33.64 1.32 33.54 .56

3 32 16.39
32.61 -3.43 34.36 -5.92 36.54 -7.81 39.8 -8.96 41.52 -9.45 43.8 -9.29
45.91 -6.76 47.61 -6.76 49.43 -9.23 51.52 -9.51 53.93 -9.49 56.56 -6.89
59.61 -7.58 61.14 -5.53 62.64 -2.76 61.96 .12 66.81 2.77 59.18 4.97
57.16 6.57 55.37 6.69 53.59 9.46 51.53 16.33 49.37 16.62 47.19 16.99
44.99 13.86 42.75 16.46 48.62 9.54 36.81 6.67 37.09 6.46 35.25 4.55
33.34 2.36 32.46 -. 51

1 32 186.39
32.61 -3.43 34.36 -5.92 36.54 -7:81 39.62 -6.96 41.52 -9.45 43.88 -9.29
45.91 -6.79 47.61 -6.76 49.43 -9.23 51.52 -9.51 53.93 -9.49 56.56 -6.69
59.61 -7.56 61.14 -5.53 62.64 -2.76 61.96 .12 68.81 2.77 59.16 4.97
57.16 6.57 55.37 6.69 53.56 9.46 51.53 18.33 49.37 16.82 47.19 16.99
44.96 16.642.75 16.46 46.62 9.54 36.61 6.67 37.69 6.43 35.25 4.55
33.34 2.36 32.46 -. 51

231 185.92
32.4G -3.24 34.67 -6.35 36.82 -7.96 39.31 -9.66 41.62 -9.36 44.11 -9.16
46.66 -6.57 49.41 -9.11 52.64 -9.52 55.35 -9.29 57.91 -0.33 61.16 -5.88
62.15 -4.83 62.34 -2.63 62.36 -. 86 61.39 2.19 59.13 5.33 57.33 6.56
55.29 9.22 53.55 9.51 51.12 16.42 47.65 16.86 45.43 16.64 43.21 16.58
46.9 9.76 39.6? 6.39 36.61 6.33 34.72 4.36 33.46 2.66 32.60 1.26
32.26 .17

3 36 163.96
31.66 -3.46 32.67 -5.29 34.66 -7.39 37.66 -6.46 39.26 -9.69 41.49 -9.17
43.53 -9.62 45.37 -8.61 46.76 -6.76 49.62 -9.63 51.96 -9.75 55.39 -9.66
56.19 -9.26 66.66 -6.03 62.6 -G.62 61.96 -5.66 63.37 -4.26 63.36 .07
62. 6 2.54 59.64 5.32 57.52 7.66 54.51 9.69 53.16 16.47 51.11 16.92
49.64 61.95 47.74 16.66 45.95 11.17 43.65 11.15 41.6 16.53 39.57 9.29
37.79 .79 36.31 6.66 34.43 5.46 33.34 4.61 32.17 3.32 31.53 .42

4 35 161.96
36.64 -3.93 32.61 -6.43 34.15 -0.13 37.13 -9.27 39.59 -9.54 41.69 -9.69
45.16 -9.94 47.59-16.3 49.23-1.51 5.16-18.34 54.6-18.81 57.8-16.57
66.71 -9.26 6348-6481. 64.50 -3.99 64.6 -3.52 64.41 -. 15 62.67 3.33

• 6. 3 5 6 2 6.48 57.42 1795 5. 69 1 61 2.59 11.30 49.7 11.65
6 147.1 16.76 45.27 1162 432 1.3 41.1 16.76 36.64 9.4

36.6 7.91 34.56 6.15 31.62 4.76 31.53 2.67 26.65 1.12
5 35 99.9

36.13 -4.89 31.93 -6.21 33.76 -6.33 315 -?991 38.36-18.55 48.53-16.71
43.17-11.63 46.19-11.34 46.36-11.66 56.76-1 53.36-11.96 55.59-11.6

5 7618.2 G.20-9.62 63.82 -6.64 64.53 -5.96 65.39 -4.66 65.54 -3.621t:62~:I -3 21 .66 64.66 3.4 R3.4 5.28 59.51 7.26 56.5296.96
52.49 11.56 49.46 12.11 46.41 12.7439 11.93 41.25 11.16 36.65 97
36.61 6.46 33.73 6.52 31.58 3.5 36.44 1.46 19.91 1.21

6 46 97.68

103



29.44 -2.61 36.24 -5.26 31.59 -6.79 34.24 -9.35 36.17-10.34 38.17-11 18
41.07-12.88 43.36-12.5 45.24-12.67 47.36-12.60 49.67-13.11 52.47 i3.23
56.63-12.53 58.65-11.22 69.45-13.41 61.90 -9.93 63.47 -7.59 64.56 -5.91
65.51 -3.96 65.74 -3.19 65.64 .44 64.13 3.74 62.74 5.19 68.78 7.04
58.49 6.23 55.47 9.85 53.29 10.66 51.28 11.42 40.54 l.e1 46.55 11.96
44.56 11.84 42.55 11.50 39.97 13.42 37.96 9.10 36.29 8.33 34.60 7.49
32.67 6.36 31.55 5.19 29.83 2.32 29.36 1.39

7 30 95.06
29.66 -2.67 36.70 -4.54 31.03 -6.04 33.42 -6.07 34.95-10.79 36.99-11.95
39.69-12.94 41.92-13.41 44.84-13.59 46.73-13.91 48.73-14.11 51.61-14.34
55.54-14.84 50.26-12.76 66.33-11.48 62.39 -9.75 63.87 -7.42 64.88 -5.63
65.53 -3.19 65.37 1.29 64.19 4.27 62.76 5.45 66.8? 7.84 59.18 7.74
57.12 8.28 54.86 9.73 51.21 11.22 49.19 11.56 46.47 11.54 44.85 11.42
41.06 16.65 39.45 9.34 35.31 6.38 33.83 7.20 31.4? 5.75 39.18 3.82
29.31 2.13 29.31 2.13

8 36 93.94
29.59 -2.94 30.47 -5.42 32.14 -. 0? 33.71 -9.94 35.55-11.97 37.69-13.12
46.53-13.96 43.13-14.44 45.38-14.65 47.76-14.93 50.34-15.14 52.9S-15.25
56.35-14.53 59.90-13.23 60.53-11.99 62.27-18.27 64.61 -7.93 65.16 -5.81
66.03 -3.23 66.12 -2.51 66.29 .89 65.44 2.54 64.26 4.87 61.89 6.98
59.19 7.51 56.99 8.34 53.99 9.35 50.75 16.47 46.43 18.71 45.15 13.78
42.56 10.46 39.30 9.35 35.47 0.32 32.53 6.70 38.21 3.54 29.62 2.86

9 25 91.00
31.99 -6.19 33.54-10.73 35.67-12.81 36.01-14.22 48.72-14.96 43.15-15.21
45.09-15.36 47.29-15.54 49.72-15.77 52.77-15.94 55.36-15.67 57.?7-14.68
59.74-13.30 61.13-12.33 61.10 7.15 66.84 7.57 56.60 0.27 53.04 9.16
46.66 9.74 44.8 9.37 41.93 9.58 36.68 6.73 34.93 7.93 32.92 7.86
31.99 6.46
10 16 69.96

33.26-14.65 39.31-15.34 42.10-15.43 45.05-15.60 47.16-15.87 49.95-16.19
53.89-16.29 55.67-15.94 55.67 8.89 52.76 0.33 49.36 9.51 46.66 9.63
44.36 9.44 41.96 9.62 39.76 3.36 36.26 0.21
11 0 67.93

44.36-15.91 44.46-15.62 47.03-15.93 59.1S-16.1I 56.10 9.15 40.65 9.!
45.26 9.31 44.30 9.16

1 7 137.93
65.27 -6.52 66.35 -7.2S 66.94 -6.34 67.85 -5.92 66.96 -2.74 65.99 -1.16
65.27 -. 44

2 9 135.95
G4.73-16.82 64.74-10.02 66.24 -0.06 67.33 -7.36 67.77 -6.46 67.02 -2.37
66.97 -. 95 65.17 .52 64.73 .73

3 11 133.93
64.13-11.33 64.19-11.33 66.31-18.64 67.56 -6.43 68.06 -7.31 68.47 -6.53
68.72 -2.75 67.66 -. 92 66.15 .23 64.36 1.51 64.10 1.644 11 131.94

63.64-11.73 64.71-11.29 66.67-16.21 67.8 -9.06 68.51 -?.64 69.06 -6.71
63.87 -2.34 67.87 -.7 66.41 .59 64.71 2.02 63.64 2.38

5 13 129.94
63.09-11.21 63.98-11.26 65.45-16.93 67.11 -9.32 68.54 -6.26 69.18 -6.65
69.37 -6.11 69.34 -2.51 68.44 -1.09 66.97 .56 65.22 1.23 63.67 1.55
63.69 1.94

6 23 127.94
62.62 -5.46 62.63 -6.66 62.64 -7.91 62.65 -9.17 62.66-19.42 63.01-16.71
65.22-16.71 66.96-10.06 68.31 -0.68 69.19 -7.19 69.37 -6.36 69.52 -5.93
69.16 -1.07 68.43 -.23 66.97 .32 65.19 1.30 63.53 1.19 62.56 .87
62.56 .37 62.57 -. 38 62.59 -1.64 62.59 -2.39 62.66 -4.15

7 23 125.92
62.44 -5.13 62.36 -6.16 62.31 -7.23 62.25 -3.23 62.10 -9.26 63. 33-11.06
64.74-18.36 66.84-1.16 67.47 -9.22 66.36 -7.69 69.42 -6.62 6s.65 -5.07
69.47 -1.65 66.58 -. 31 67.49 .55 66.61 1.05 64.59 1.15 63.34 .68
62.77 .63 62.76 -1.06 62.64 -2.83 62.57 -3.87 62.51 -4.10

8 22 123.94
62.11 -4.29 61.96 -5.13 61.05 -5.97 61.72 -6.61 61.59 -7.65 63.37 -9.22
65.61 -9.67 67.11 -9.35 68.53 -8.25 69.43 -6.34 69.92 -5.39 69.35 -1.93
69.25 -.538 67.46 .73 65.59 1.03 64.26 .03 62.95 .19 62.76 -. 08
62.63 -. 92 62.5'-1.76 62.37 -2.66 62.24 -3.44

9 22 121.95
61.73 -4.6 61.6 -4.67 61.52 -5.32 61.42 -5.97 61.31 -6.62 62.34 -6.63
63.03 -6.85 65.76 -9.25 67.70 1663 69.42 -6.99 70.14 -5.67 73.15 -1.54
69.42 .84 67.74 .96 65.96 1.16 64.17 .61 62.79 -. 15 62.26 -. 76
62.15 -1.41 62.85 -2.66 61.94 -2.71 61.64 -3.36
1i 25 119.9@

61.31 -4.49 61.31 -4.75 61.32 -5.63 61.32 -5.26 61.33 -5.51 61.94 -6.95
-0., :85 64.75 -0.62 66.29 -6.79 68.52 -7.0 69.95 -6:24 7.58 4.9671:1 -467 7.61-1.51 69.69 .86 6981 1.26 66.301.2 42 6

-2.65 -. 66 61.9 -1.92 61.20 -3.22 61.29 -3.4? 61.29 -3.73 61.30 -3.99
61.38 -4.24
11 25 117.91

61.72 -4.31 61.74 -4.5 61.75 -4.72 61.76 -4.93 61.77 -5.13 62.1w -5.96
35 -7.52 64.84 -0.8 66.4 -6.14 68.76 -7.37 70.41 -5.36 71.35 -4.4771.15 -4.18 71.69 -1.12 69.16 1.17 67.141645.9 .56.6 .1

62.63 -.96 61.92 -2.44 61.69 -3.29 61.76 -3.49 61.71 -2.76 61.72 -3.96
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61.73 -4.11
I1 24 115.91

62.39 -3.86 62.39 -4.86 62.39 -4.26 62.39 -4.46 62.39 -4.66 63.29 -6.88
64.82 -7.42 66.76 -7.63 68.69 -6.95 78M13 -6.09 71.32 -4.69 71.61 -4.13
71.74 -1.37 76.42 .97 68.68 1.68 66.93 1.72 64.95 .98 63.63 -. 20
62.62 -1.88 62.48 -2.87 62.48 -3.67 62.48 -3.2? 62.40 -3.47 62.40 -3.67
13 25 113.69

63.87 -3.43 63.86 -3.61 63.86 -3.79 63.85 -3.96 63.85 -4.14 64.11 -5.68
65.62 -6.78 67.35 -7.13 69.12 -6.63 76,56 -5.77 71.88 -4.74 72.02 -4.26
72.12 -1.88 71.27 8.8 69.74 1.30 66.87 1.77 66.85 .j53 65.82 73
63.86 -.64 63.15 -2.32 63.89 -2.55 63.89 -2.73 63.08 -2.98 63.68 -3.08
63.67 -3.26
14 24 111.92

63.69 -2.83 63.68 -3.8 63.66 -3.16 63.65 -3.33 63.64 -3.49 64.53 -5.11
65.76 -6.85 68.47 -6.44 78.23 -6.18 72.11 -5.42 72.86 -4.51 72.85 -2.15
71.99 -. 65 78.96 .76 69.36 1.69 67.96 1.89 66.43 1.63 64.81 .18
63.95 -1.35 63.75 -2.81 63.74 -2.17 63.73 -2.34 63.71 -2.58 63.78 -2.67
15 16 109.92

64.43 -2.94 65.22 -4.48 67.41 -5.86 68.56 -5.77 69.66 -5.77 71.16 -5.93
72.91 -5.72 73.73 -4.68 73.69 -2.22 72.76 -1.22 78.65 1.15 68.15 2.28
66.69 1.84 65.21 .68 64.53 -1.81 64.51 -1.86
16 9 167.92

64.97 -2.97 65.53 -4.65 65.99 -4.58 71.79 .63 76.25 1.84 69.27 2.48
66.58 1.75 65.42 .16 65.84 -1.49

1 12 187.92
65.99 -4.50 66.48 -4.97 67.86 -5.18 69.18 -5.19 76.37 -5.14 71.67 -5.68
73.25 -5.76 74.28 -5.16 74.93 -4.54 74.98 -2.65 72.75 -. 12 71.79 .63

2 16 165.96
65.96 -1.71 66.88 -3.44 68.19 -4.66 78.63 -5.33 71.97 -5.75 74.41 -5.81
75.68 -4.52 75.93 -3.99 75.96 -1.86 73.77 .52 72.83 1.55 78.86 2.38
68.22 2.26 66.61 1.53 66.82 .19 65.80 -. Z7

3 16 103.96
67.01 -2.46 66.11 -3.66 69.61 -5.28 71.56 -5.75 73.58 -5.98 75.56 -5.45
76.75 -4.86 76.84 -3.57 76.6 -1.89 75.66 -. 63 73.96 1.13 72.11 2.05
78.83 2.28 68.23 1.61 66.96 8.88 66.87 -. 63

4 17 161.87
67.95 -2.50 60.67 -3.36 69.64 -4.86 71.67 -5.66 73.12 -5.93 74.83 -5.77
76.25 -5.22 77.22 -4.28 77.34 -3.81 77.42 -1.32 76.38 .17 75.69 1.18
73.37 1.04 71.43 2.81 69.03 1.66 68.26 .23 67.83 -.64

5 15 99.86
66.95 -2.76 69.85 -4.14 71.14 -5.46 73.67 -5.96 75.89 -5.79 76.86 -5.17
77.95 -3.92 79.87 -3.54 78.82 -1.9 76.86 .66 75.14 1.54 72.86 1.97
76.76 1.54 69.42 .45 68.82 -. S4

6 16 97.80
69.95 -2.87 71.66 -4.17 71.92 -5.26 73.89 -5.71 75.85 -5.67 77.78 -4.84
78.65 -3.64 78.77 -3.23 79.72 -. 99 77.51 .52 75.95 1.53 73.99 1.85
72.33 1.54 78.92 .76 69.97 -.52 69.94 -. 98

7 14 95.89
71.67 -2.74 72.64 -3.69 74.06 -5.36 75.75 -5.42 77.84 -5.16 79.09 -3.98
79.49 -3.13 79.53 -. 92 78.41 .72 76.29 1.56 74.21 1.63 72.27 1.22
71.13 -. 17 78.91 -. 93

6 14 93.94
72.23 -2.51 73.2? -3.72 74.56 -4.49 76.73 -5.64 78.76 -4.56 86.13 -3.59
86.45 -2.89 66.42 -. 97 79.17 .44 77.56 1.16 75.72 1.23 74.65 1.09
72.78 .38 72.24 -. 73

9 14 91.89
73.66 -2.76 74.62 -3.86 76.96 -4.53 79.72 -4.23 66.95 -3.49 81.61 -2.62
61.61 -2.62 81.66 -. 86 66.65 .43 76.91 1.6? 76.79 1.16 74.88 .61
73.78 -. 45 73.69 -. 96
16 14 69.92

75.64 -2.34 75.83 -3.46 77.67 -4.16 76.77 -4.17 8.64 -3.86 62.16 -3.11
62.65 -2.36 62.61 -. 75 61.71 .38 66.46 1.86 76.62 1.19 76.67 .98
75.52 .66 74.66 -. 69

11 14 87.93
76.26 -1.79 77.15 -2.99 76.63 -3.3 0.39 -3.66 62.69 -3.55 63.43 -2.79
63.73 -2.35 83.76 -. 96 63.65 -.61 61.30 .9 79.43 1.42 77.44 .99
76.24 -.62 76.02 -. 631 16 65.96
77!98 -2.63 79.12 -3.54 66.8 -3.55 82.32 -3.32 83.63 -2.62 84.34 -2.35
64.69 -1.52 65.15 -1.16 65.46 .65 64.66 1.54 63.48 1.43 62.65 1.31
66.01 1.32 76.56 .72 77.81 -. 69 77.61 -. 59

2 15 63.93
79.19 -2.23 6.66 -2.8 62.32 -2.98 84.17 -2.76 85.66 -2.25 87.62 -1.92
66.62 -1.6? 66.22 .96 86.75 2.16 64.59 2.46 62.96 2.62 31.93 1.62
60.45 1.61 79.13 .46 76.75 -. 88

3 13 61.93
79.46 -1.63 81.82 -2.89 62.65 -2.59 64.6S -2.59 06.46 -2.37 67.89 -2.11
66.65 -1.35 69.23 -1.12 69.39 -. 93 09.42 ,59 66.39 1.24 96.74 1.94
65.39 1.92 83.59 1.56 82.31 1.46 66.24 1.56 .78 79.26 .29

4 17 79.9s
79.66 -. 29 61.16 -1.53 62.66 -2.12 64.66 -2.46 66.53 -2.26 86.62 -1.92
66.96 -. 05 96.16 -. 71 96.41 -. 46 96.46 .97 39.23 1.16 66.14 .82
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66.46 1.11 94.52 1.62 82.25 1.46 0.29 1.67 79.79 .62
5 29 77.67

83.73 -. 69 62.23 -1.22 63.82 -1.85 95.64 -1.99 67.35 -1.60 86.39 -1.52
69.42 -. 69 69.94 -. 21 96.65 -. 11 90.92 .10 96.95 1.66 69.92 1.67
89.64 .69 08.22 .79 86.73 .61 05.19 1.65 63.12 1.55 81.37 1.77
86.66 1.29 8.58 .69

6 19 75.09
81.73 .27 82.90 -. 18 83.65 -. 41 94.54 -.76 85.56 -1.65 86.65 -1.36
07.67 -. 81 89.37 -. 91 99.80 -. 51 69.62 .66 66.69 1.19 87.91 .99
67.30 .75 86.22 .94 05.69 1.15 83.76 1.45 62.46 1.79 61.64 1.54
81.61 1.29

7 22 73.92
82.65 .96 83.54 .59 84.33 .68 84.91 .66 85.79 0.0 86.40 -. 28
87.37 -. 72 06.17 -.66 8.62 -. 39 69.31 -. 55 96.19 -. 46 96.31 -. 36
96.31 -. 36 96.36 .76 69.39 1.21 86.6 1.65 67.26 1.25 86.36 1.32
65.29 1.07 84.40 1.96 83.32 2.13 82.96 1.94

a 19 71.93
83.94 1.26 64.96 1.12 65.42 .59 86.32 .45 66.99 .42 87.64 -. 22
88.89 -. 21 69.63 -. 41 96.51 -. 32 96.63 -. 22 96.74 .54 69.81 .96
8.94 .99 86.14 1.37 67.83 1.36 86.34 1.8 65.41 1.76 84.65 2.15
63.92 2.02

9 14 69.93
86.29 1.14 87.14 .65 87.77 .67 8.65 .8 69.41 .69 96.15 -. 19
96.18 -. 19 96.30 .65 89.57 .69 80.89 1.23 67.93 1.18 87.09 1.74
86.30 1.64 86.36 1.64
16 3 67.91

66.59 .40 09.10 .38 86.68 .73
1 5 139.93

26.32 -6.46 26.36 -6.55 26.36 -3.34 26.25 -3.53 28.14 -4.84
2 7 137.93

27.31 -7.15 20.76 -6.65 26.96 -8.86 26.96 -. 41 26.75 -. 49 27.37 -2.37
26.97 -3.16

3 6 135.95
26.16 -6.8 26.68 -6.41 28.43 -9.49 29.56-1@.23 29.56 .61 27.34 -. 96
26.57 -2.46 26.89 -3.39

4 11 133.93
25.64 -7.36 26.16 -6.37 27.68 -9.79 29.65-11.19 36.16-11.45 30.16 1.96
29.69 1.76 27.97 .86 26.76 -1.19 25.72 -2.63 25.44 -3.26

5 13 131.94
24.99 -G.90 25.71 -8.35 26.96 -9.54 20.38-18.87 36.62-11.90 36.76-12.36
36.76 2.55 30.69 2.49 29.14 1.39 27.26 -. 07 25.6 -1.62 25.65 -3.16
25.62 -3.26

6 13 129.94
24.63 -6.95 25.76 -0.61 27.16-10.49 29.26-11.62 31.25-11.97 31.37-12.63
31.37 2.62 31.13 2.29 36.16 .99 26.15 .78 26.34 -.66 25.02 -2.36
24.75 -3.16

7 22 127.96
24.74 -7.67 25.87 -8.94 27.15-16.31 28.51-11.18 36.37-11.42 31.56-11.26
32.21-18.71 32.14 -9.56 32.66 -6.26 31.99 -7.67 31.91 -5.85 31.84 -4.64
31.76 -3.42 31.69 -2.21 31.61 -. 99 31.54 .22 38.24 .52 26.17 .51
26.62 -.65 P,5.45 -1.32 24.66 -2.56 24.60 -2.96

6 24 125.95
24.26 -6.33 24.96 -0.17 26.22 -9.53 27.64-16.26 29.35-16.86 30.76-10.60
32.21-16.15 32.59 -9.49 32.61 -9.41 32.45 -6.37 32.30 -7.32 32.14 -6.26
31.99 -5.23 31.63 -4.19 31.68 -3.14 31.52 -2.16 31.37 -1.85 31.21 -.61
29.37 .45 27.16 .15 25.50 -1.22 24.57 -2.24 24.36 -2.77 24.36 -2.77

9 22 123.97
24.23 -6.40 25.25 -6.87 26.56 -9.12 26.25-18.65 36.34-18.25 31.43 -9.82
32.69 -6.92 33.68 -0.18 33.09 -7.96 32.61 -7.68 32.54 -6.19 32.26 -5.31
31.99 -4.42 31.71 -3.54 31.44 -2.65 31.16 -1.77 30.89 -. 88 30.61 6.66
26.61 .32 26.79 .27 25.69 -. 78 24.8 -2.29
1 24 121.90
23.6 -5.65 24.47 -6.79 25.55 -0.69 27.36 -9.67 29.34 -9.35 36.66 -9.26
32.43 -6.37 33.63 -7.18 33.11 -6.71 32.94 -6.66 32.78 -5.45 32.61 -4.91
32.45 -4.18 32.26 -3.55 32.12 -2.92 31.95 -2.26 31.79 -1.65 31.62 -1.02
29.56 .17 27.46 .46 25.69 .22 24.22 -. 92 23.67 -1.99 23.67 -2.16
11 24 119.91

23.43 -5.25 23.99 -6.26 25.15 -7.44 26.97 -8.39 26.55 -6.55 39.45 -8.13
32.33 -6.67 32.65 -5.61 32.72 -5.68 32.76 -4.77 32.66 -4.47 32.65 -4.16
32.63 -3.6 32.61 -3.59 32.59 -3.29 32.56 -3.66 32.54 -2.73 32.52 -2.41
31.46 -1.24 29.34 .23 26.96 .78 24.63 .37 23.52 -.66 23.25 -1.62
12 24 117.93

22.79 -4.41 23.67 -6.12 25.69 -7.29 26.66 -7.77 26.51 -7.62 36.12 -7.26
31.72 -5.69 32.16 -4.59 32.17 -4.44 32.18 -4.36 32.19 -4.15 32.26 -4.68
32.26 -3.06 32.21 -3.71 32.22 -3.56 32.23 -3.42 32.24 -3.27 31.68 -2.67
36.59 -. 52 29.17 .53 27.16 1.16 25.15 1.62 23.32 -. 35 22.76 -1.43
13 24 115.92

22.46 -4.61 22.64 -0.19 25.13 -7.8 26.76 -7.54 26.44 -7.39 29.99 -6.39
31.15 -5.64 31.36 -. 96 31.37 -. 75 31.38 -2.66 31.36 -3.45 31.39 -3.36
31.46 -3.15 31.41 -3.6 31.41 -2.65 31.42 -2.76 31.43 -2.55 36.74 -1.26
29.69 .25 27.67 1.16 26.67 1.36 24.60 .79 22.36 -1.16 22.16 -1.76
14 23 113.66
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21.68 -4.84 23.58 -6.41 25.13 -6.69 26.71 -7.08 28.36 -6.73 29.70 -5.65
38.61 -3. 7 30.61 -3.31 3. 68 -3.18 38.68 -3.84 38.59 -2.91 39.59 -2.77
30.58 -2.64 30.56 -2.58 38.57 -2.37 38.57 -2.23 38.56 -2.18 29.53 -. 37
27.42 1.19 25.76 1.45 23.49 .82 22.19 -. 51 21.64 -1.61
15 23 111.93

28.99 -5.21 22.41 -6.22 24.25 -6.55 26.26 -6.81 28.1 -1.11 29.56 -4.8
Z9.95 -3.39 29.94 -3.Z1 Z9.94 -3.32 29.93 -2.34 29.92 -2.65 29.92 -2.47
29.91 -2.28 29.98 -2.18 29.98 -1.91 29.89 -1.73 29.23 -. 32 28.62 1.14
26.61 1.58 24.31 1.58 22.83 .35 21.29 -1.55 28.73 -2.38
16 14 189.93

23.38 -6.20 24.20 -5.99 25.28 -5.81 27.89 -5.85 23.23 -4.87 28.98 -3.74
29.32 -2.78 28.97 -.75 23.85 .86 25.32 1.86 23.88 1.52 22.14 .81
28.67 -1.49 23.61 -1.55

1 7 189.93
19.63 -5.85 23.42 -5.85 21.52 -6.46 23.84 -6.29 23.38 -6.28 28.61 -1.55
19.66 -2.62

2 19 187.91
18.46 -4.99 29.29 -6.15 21.57 -6.14 22.78 -5.89 23.66 -5.61 24.97 -5.48
26.71 -4.99 27.65 -3.89 28.81 -2.98 28.47 -1.97 28.54 -1.42 28.24 .27
27.85 1.32 25.49 1.98 24.21 1.76 22.51 1.88 28.92 .03 19.29 -1.27
18.35 -2.43

3 16 185.92
17.75 -4.98 19.89 -6.38 21.52 -6.15 23.86 -5.88 24.71 -5.69 26.14 -4.96
27.22 -3.18 Z7.64 -2.82 27.69 .12 26.44 1.17 24.89 1.63 22.94 1.51
21.86 .07 19.30 -. 34 17.66 -1.79 17.49 -2.25

4 16 103.93
17.84 -4.49 17.58 -5.34 19.44 -6.56 21.61 -6.47 23.72 -S.89 25.65 -4.35
26.98 -2.89 26.96 -2.17 26.75 -. 59 23.91 .67 23.63 1.46 22.20 1.25
28.27 .94 18.45 -.25 17.87 -1.52 16.85 -2.84

5 15 181.98
16.45 -4.61 17.58 -5.66 19.27 -6.58 21.89 -6.47 23.31 -5.91 24.67 -4.86
25.87 -2.99 26.86 -2.28 25.83 -. 91 24.69 .43 22.89 1.33 21.82 1.33
19.82 .59 16.94 -1.85 16.44 -1.85

6 16 99.92
15.94 -4.63 16.83 -5.48 18.18 -6.15 19.54 -6.51 23.98 -6.39 22.56 -5.51
24.18 -4.29 24.75 -3.12 25.81 -2.61 25.15 -1.26 24.25 -. 8 22.59 .94
28.68 1.11 16.72 .82 17.86 8.8 15.76 -1.53

7 15 97.91
15.28 -4.14 16.39 -5.58 18.81 -6.22 19.91 -6.35 21.59 -5.60 22.82 -4.51
23.78 -3.33 23.95 -2.68 23.97 -1.27 22.81 .82 21.86 .73 19.86 1.82
17.18 .38 15.57 -. 65 15.81 -1.45

6 15 95.98
14.67 -4.05 15.25 -5.84 16.96 -5.82 18.69 -5.85 23.66 -5.53 22.83 -4.47
22.66 -3.21 22.85 -2.58 22.87 -1.47 21.58 -. 01 19.74 .91 17.32 .57
15.38 -. 18 14.52 -1.23 14.52 -1.23

9 14 93.97
13.93 -3.95 15.21 -5.18 16.99 -5.48 18.60 -5.33 20.42 -4.63 21.32 -3.54
21.58 -2.85 21.66 -1.29 28.66 -. 63 18.78 .64 16.59 .59 14.76 -. 17
13.76 -. 94 13.66 -1.32
18 14 91.98

12.82 -3.73 13.93 -5.82 15.45 -5.13 17.26 -5.15 19.18 -4.42 19.99 -3.44
28.29 -2.67 28.41 -1.19 19.38 .96 18.18 .57 16.23 .61 14.35 .88
13.89 -. 72 12.76 -1.39
11 14 89.93

11.74 -3.19 12.61 -4.38 14.22 -4.76 15.94 -4.71 17.86 -4.86 19.83 -3.22
19.11 -2.48 19.16 -1.39 18.42 -. 36 17.85 .38 15.11 .55 13.78 .28
12.48 -. 51 11.76 -1.58
12 15 07.94

18.67 -3.18 11.45 -3.95 12.86 -4.33 14.49 -4.44 16.13 -4.89 17.32 -3.89
17.67 -2.31 17.84 -2.28 17.92 -.86 16.79 .87 15.23 .42 13.59 .37
12.81 -.29 18.77 -1.24 18.56 -1.66

1 15 45.93
9.82 -2.62 11.82 -3.82 12.47 -3.98 14.46 -2.92 15.71 -3.58 16.43 -2.63
16.62 -2.23 16.58 -1.12 15.69 -. 22 14.58 .25 13.08 .55 11.58 .57
9.75 .94 8.84 .41 8.68 .87
2 16 33.93

7.19 -1.07 0.68 -3.13 18.45 -3.56 11.86 -3.78 13.58 -3.65 14.96 -3.85
15.58 -2.39 15.85 -1.96 15.02 -. 41 14.78 .57 13.52 .77 11.78 .89
18.26 1.57 8.78 1.40 7.54 .76 7.37 .30

3 18 81.94
5.71 -1.58 6.21 -2.05 7.84 -3.12 8.55 -3.49 18.35 -3.46 12.22 -3.39

14.02 -2.81 15.12 -1.00 15.47 -1.43 15.57 -1.2 15.38 .4 14.09 .79
12.92 .68 11.57 .58 9.76 1.23 7.94 12.45 6.34 .5 5.98 .44

4 19 79.93
5.15 -1.45 5.85 -1.69 6.53 -2.99 7.52 -3.21 8.95 -3.36 18.59 -3.21

12.48 -2.88 13.88 -2.22 14.57 -1.49 14.95 -. 99 14.98 .15 13.59 .75
11.98 .46 18.65 .83 9.85 .31 7.57 .27 6.99 .19 5.61 .64
5.85 .385 23 77.88
1:92 -.22 14. 1. 5 1 -2.31 7.17 -2.78 8.98 -3.811393, 8 :1:37? 13:9, :1: 1 1 .1

S.91 1 -55 1 85 .6 -1.54 14.39 -.932 14.26 .23
123.4 .76 12.46 .52 18. .24 9.24 -.26 7.58 -.12 5.73 -.26
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4.83 .35 3.94 .21
6 21 75.96

5.46 -1.67 6.6 -2.14 7.95 -2.95 9.13 -2.64 18.93 -2.33 18.69 -2.86
11.71 -1.66 12.17 -1.26 12.86 -1.02 13.23 -. 65 13.26 .11 12.41 .63
11.60 .39 11.13 .02 16.27 -.27 9.47 -.58 8.37 -.44 7.59 -.79
6.69 -. 12 5.72 .62 5.35 -.18
7 21 73.92

5.19 -1.58 6.24 -1.63 7.03 -1.48 7.93 -2.64 8.95 -1.96 9.38 -1.77
16.35 -1.67 11.21 -1.61 12.63 -.7e IZ.54 -. 42 12.63 .37 11.65 .83
16.96 .52 16.41 .26 9.33 .04 8.59 -. 11 7.46 -. 16 6.79 -. 35
6.81 .16 5.17 6.66 5.63 -. 16
8 17 71.96

4.91 -1.55 6.82 -1.54 6.65 -1.46 7.57 -1.69 6.53 -1.54 9.15 -1.44
16.28 -1.15 18.71 -. 78 11.32 -.60 11.76 -.32 16.29 -. 10 9.27 -.06
6.29 -. 33 7.36 -. 27 6.34 -.56 5.59 -.31 4.78 -.44
9 14 69.94

4.95 -1.44 5.72 -1.46 6.12 -1.52 6.66 -1.67 7.86 -1.67 6.62 -1.63
9.43 -1.27 9.37 -.61 8.23 -.50 7.52 -.68 6.56 -.57 5.86 -.75
5.66 -. 94 5.66 -. 94
1 1 67.91
6.82 -1.57
1 1 91.89

61.16-12.36 61.72-11.96 63.02-10.41 64.89 -6.76 66.64 -3.86 66.19 -2.76
65.73 Z.9 64.92 4.22 62.12 6.01 61.18 7.15

2 16 89.96
55.67-15.94 56.13-15.98 59.34-14.15 61.68-12.44 63.38-18.52 64.81 -8.18
65.74 -5.53 66.18 -3.39 66.19 -3.39 6!.89 1.71 65.68 3.58 63.48 5.31
61.81 6.72 59.13 7.36 56.23 7.95 55.67 0.69

3 28 97.93
58.18-16.18 58.81-16.23 54.81-16.38 56.53-16.9 59.19-14.75 61.66-13.45
62.72-11.76 64.69 -9.72 65.99 -6.89 66.65 -4.89 66.84 -4.15 66.45 1.78
65.21 4.16 63.49 6.77 61.67 7.26 59.42 7.45 56.76 7.63 53.35 6.45
58.76 9.86 56.16 9.15

4 22 65.96
47.45-15.75 49.56-15.86 51.22-16.13 53.64-16.36 56.64-15.86 58.62-15.99
61.61-13.87 63.23-11.10 65.38 -8.96 66.55 -6.29 66.90 -4.59 66.76 1.16
66.09 3.13 64.61 5.21 63.03 6.95 66.86 7.87 56.69 6.89 55.49 7.95
53.39 7.90 51.10 8.54 49.19 9.93 47.45 9.16

5 23 83.92
47.45-14.77 47.79-14.79 56.14-15.43 52.64-15.95 56. 16-15.69 56.66-14.62
60.65-14.83 62.35-12.71 63.67-11.10 65.26 -8.99 66.67 -6.61 67.60 -3.92
66.8 1.49 65.44 3.67 64.24 5.99 62.24 7.40 66.62 6.27 57.66 6.36
54.54 8.16 53.16 7.47 51.49 7.65 49.29 6.27 47.45 8.46

6 23 81.92
47.45-13.89 49.47-14.22 52.64-15.63 53.88-15.13 56.6-14.73 58.94-14.77
60.92-13.93 63.17-11.84 65.46 -9.94 66.60 -6.92 67.06 -5.41 66.89 .39
66.11 2.22 64.87 4.57 63.78 6.61 61.86 7.56 59.76 8.39 57.11 6.46
54.41 7.93 52.34 7.48 51.19 6.14 49.14 6.71 47.45 6.96

7 24 79.92
47.45-16.47 47.67-16.44 49.25-12.06 51.52-13.23 53.51-13.49 55.89-14.14
59.63-14.04 61.66-12.68 64.8-10.81 65.64 -9.84 66.55 -7.34 66.93 -5.79
66.77 .82 65.67 2.73 64.26 5.33 62.46 7.96 66.31 8.14 57.94 6.62
55.23 9.26 51.49 6.61 56.13 5.36 49.36 4.25 47.76 4.49 47.45 4.47

a 1 76.65
47.56 2.24

1 32 77.94
49.33 -2.66 49.43 -3.96 49.54 -5.13 49.64 -6.29 49.75 -7.46 56.66 -9.63
52.35-11.26 S4.65-12.26 56.67-12.83 59.26-12.75 61.7-11.95 64.15-16.45
65.36 -8.93 66.38 -7.14 66.71 -5.99 66.51 .96 65.49 3.07 64.26 5.29
62.88 6.49 66.94 7.99 56.75 6.43 55.67 6.31 53.46 7.60 51.85 6.56
56.26 5.51 49.32 4.9 46.61 3.63 46.66 3.63 46.91 1.96 49.61 .70
49.12 -. 47 49.22 -1.63

2 34 75.69
46.32 -3.66 46.37 -3.7? 46.41 -4.54 46.46 -5.31 46.51 -6.66 49.32 -7.92
5.53 -9. ,. 54-1.79 54.42-11.66 56.58-12.23 59.16-12.19 62.22-11.36
63.94-16.16 65.36 -6.66 66.34 -6.1 66.64 -5.72 66.65 -5.72 66.13 1.29
65.15 3.16 64.61 5.06 62.46 6.66 59.95 6.1 57.19 6.32 54.21 7.62
51.90 6.55 56.56 5.25 49.33 3.66 46.56 2.36 46.15 1.34 46.66 .06
46.13 .09 46.10 -. 68 4. -1.45 46.2? -2.22

13 73.96
46 -2.21 46.16 -2.68 46.09 -3.39 46.67 -3.96 46.66 -4.57 46.54 -6.93
49.66 -6.64 51.31-16.23 53.34-11.19 55.41-11.72 57.63-11.65 66.44-11.47
62.21-16.69 63.78 -9.67 65.22 -6.19 66.64 -6.36 66.33 -5.34 65.66 1.18
64.61 3.66 63.14 5.7? 61.10 7.32 56.72 6.6? 56.24 6.66 53.31 7.14
51.14 5.66 49.92 4.36 46.65 2.11 46.16 .73 48.17 .14 46.15 -. 45
48.14 -1.64 46.13 -1.63

4 34 71.92
46.29 -Z.9 41.26 -3.41 46.26 -3.93 46.25 -4.45 46.24 -4.97 46.67 -6.80
49.65 -. 39 51.42-10.15 53.31-11.16 55.43-11.57 56.92-11.71 66.60-11.06
62.59-18.21 64.66 -6.91 65. 1 -7.61 65.63 -6.17 65.89 -5.53 65.56 1.73
64.27 3.56 63.24 5.26 61.66 6.66 58.76 7.57 56.16 7.57 53.44 6.65
51.53 5.26 56.27 3.61 49.26 2.15 48.52 .61 46.35 -. 29 46.35 -. 29
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48.34 -. 89 48.33 -1.32 48.31 -1.84 48.36 -2.36
S 34 69.96

48.6? -3.68 48.61 -3.56 48.61 -3.91 48.62 -4.33 46.63 -4.75 49.19 -6.15
49.91 -8.48 51.11 -9.65 52.89-11.22 54.64-11.76 57.94-11.78 59.91-11.27
61.71-16.41 63.55 -6.82 64.85 -7.23 65.27 -5.86 65.27 -5.66 65.26 1.64
64.17 3.51 63.24 4.86 61.84 6.63 59.72 7.63 57.31 7.21 54.37 6.66
52.74 5.66 51.41 4.51 56.32 3.63 49.39 1.91 48.63 -. 06 46.56 -. 99
48.57 -1.41 46.58 -1.83 48.58 -2.24 48.59 -2.66

6 28 67.6
49.05 -3.61 49.07 -4.13 49.88 -4.66 49.18 -5.18 49.11 -5.71 56.21 -8.37
51.84-16.38 54.28-11.46 56.53-11.85 59.25-11.52 61.11-16.65 63.61 -9.11
64.67 -7.78 64.66 -6.54 65.20 .73 64.31 2.59 63.16 4.46 61.16 6.23
58.16 6.85 54.61 6.66 51.39 3.73 49.76 1.66 49.11 .62 48.96 -. 99
46.99 -1.51 49.61 -2.83 49.62 -2.56 49.64 -3.68

7 36 65.91
49.15 -3.73 49.15 -4.16 49.15 -4.59 49.16 -5.62 49.16 -5.45 49.66 -7.46
51.12 -9.63 53.24-11.20 56.81-12.82 59.86-11.49 62.58 -9.35 63.79 -7.63
64.43 -6.34 64.36 1.29 63.43 3.66 62.63 4.97 68.45 5.73 56.89 6.16
56.67 6.27 54.42 5.73 52.31 4.43 SI.36 3.32 56.42 1.96 49.75 .43
49.21 -1.61 49.13 -1.5? 49.13 -2.8 49.14 -2.43 49.14 -2.86 49.14 -3.29

8 29 63.94
49.46 -3.55 49.46 -4.67 49.47 -4.59 49.47 -5.11 49.47 -5.63 56.64 -6.66
52.36-10.45 54.06-11.36 55.97-11.95 58.31-11.82 61.29-16.66 63.13 -8.56
63.89 -6.92 64.21 -6.82 64.23 .52 63.39 2.34 62.11 3.87 68.59 5.06
50.53 S.61 56.46 5.75 54.65 5.22 52.43 3.96 51.17 2.26 49.99 .86
49.49 -. 94 49.49 -1.46 49.49 -1.96 49.46 -2.56 49.48 -3.62

9 27 61.92
49.69 -3.91 49.73 -4.33 49.77 -4.76 49.60 -5.18 49.84 -5.61 50.62 -7.55
52.11 -9.76 54.16-11.46 56.71-11.89 59.69-11.64 61.68 -9.92 63.32 -7.98
63.8 -6.52 63.74 .66 62.94 1.63 61.27 3.68 59.85 4.96 56.89 5.10
54.56 4.76 51.87 2.91 53.27 .66 49.64 -1.61 49.51 -1.79 49.55 -2.21
49.58 -2.63 49.62 -3.6 49.66 -3.48
16 27 59.93

49.76 -4.33 49.79 -4.77 49.62 -5.21 49.84 -5.65 49.87 -6.69 51.26 -8.81
52.95-16.57 54.94-11.46 56.99-11.65 59.31-11.41 61.63 -9.61 63.65 -8.19
63.61 -6.95 63.45 -.31 62.67 1.23 61.52 2.85 59.39 3.97 57.16 4.36
54.80 4.26 52.58 2.8 56.86 .84 49.92 -1.11 49.63 -2.14 49.66 -2.58
49.68 -3.62 49.71 -3.46 49.74 -3.96
11 29 57.96

49.84 -4.76 49.87 -5.16 49.91 -5.51 49.94 -5.91 49.97 -6.32 50.66 -6.66
51.96 -9.79 53.22-16.57 54.96-11.56 56.77-11.47 58.92-11.25 61.62-10.11
62.26 -6.76 63.31 -7.15 63.45 -6.67 63.63 -1.15 62.14 .89 68.36 2.62
57.94 3.62 55.69 3.69 53.32 2.90 51.36 .87 58.15 -1.26 49.68 -2.67
49.71 -3.88 49.74 -3.48 49.78 -3.89 49.81 -4s29
12 19 55.92

49.96 -6.74 58.17 -6.52 52.6 -9.92 53.53-11.68 55.68-11.39 58.46-11.6
61.33 -9.35 62.69 -7.39 63.13 -6.15 62.93 -2.16 62.12 .13 66.68 1.82
58.43 2.99 56.16 3.19 54.37 2.65 52.66 1.16 58.53 -. 73 49.91 -2.17
49.73 -3.26
13 26 53.92

56.16 -7.94 56.94 -9.22 52.16-16.32 53.67-11.63 55.23-11.25 57.11-11.12
50.96-10.86 66.75 -9.69 61.95 -6.53 62.86 -1.19 62.94 -6.68 62.65 -2.34
61.96 .11 66.59 1.35 57.91 2.42 55.73 2.63 53.17 1.89 51.64 -.28
56.2? -2.27 49.73 -3.76
14 21 51.91

56.14 -6.31 59.87 -9.51 52.21-16.65 53.85-11.28 55.67-11.33 57.4G-11.06
59,56-16.66 61.26 -9.37 62.26 -6.6 62.94 -6.83 63.0 -6.61 62.66 -3.36
61.99 -1.75 61.61 .22 59.16 1.68 57.63 2.51 55.22 2.26 52.87 .61
51.23 -1.62 56.28 -3.64 49.82 -4.59
15 21 49.92

56.69 -6.84 56.6 -9.68 52.82-16.77 55.63-11.48 56.56-11.15 58.44-11.46
66.59-16.57 61.64 -6.95 62.55 -1.7 63.18 -6.62 62.81 -4.66 62.69 -2.97
61.19 -1.14 59.72 .95 58.35 1.97 56.59 2.66 54.25 1.19 52.44 -. 61
51.51 -2.62 56.65 -3.52 49.96 -4.95

1 21 47.91
56.54 -6.44 51.62-13.15 53.16-11.22 54.65-11.32 56.12-11.19 57.85-11.66
59.65-11.46 61.27-16.29 62.17 -9.26 62.92 -6.12 63.61 -7.49 62.63 -4.86
61.63 -3.17 68.88 -1.35 58.98 .06 56.92 1.35 55.68 .73 53.64 -1.73
51.65 -3.43 56.65 -4.56 58.39 -5.46

2 1 45.93
51.26 -6.62 52.16 -9.95 54.66-11.31 56.14-11.32 58.85-11.99 66.65-11.93
62.16-10.57 63.12 -6.63 63.31 -1.99 63.68 -5.76 62.57 -3.93 61.46 -2.23
59.93 -. 56 57.63 .35 55.36 .66 53.81 -2.46 51.82 -4.37 51.62 -5.43

3 19 43.94
51.7 -8.26 52.61 -9.76 54.22-11.23 56.21-12.40 57.91-12.79 59.53-12.62
61.96-11.7 63 .23 -9.3 63.39 -0.61 63.17 -5.66 62.57 -4.13 61.21 -2.26
59.33 -. 82 57.36 -. 67 55.61 -. 96 54.63 -2.48 52.62 -4.11 51.77 -5.66
51.49 -5.65

4 16 41.89
52.31 -6.61 53. 19-16.36 54.21-11.63 5.66-12.66 57.74-13.57 59.65-13.41
62.42-12.2? 63.36-16.36 63.54 -9 37 63.62 -5.62 62.95 -3.96 62.64 -2.77
66.23 -2.84 58.22 -1.52 56.42 -1.90 54.49 -3.62 52.77 -4.62 52.36 -5.69
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5 17 39.93
52.71 -9.58 53.37-11.21 54.99-12.81 57.11-14.60 59.86-14.11 62.16-13.22
63.47-11.20 63.96 -9.65 63.95 -6.59 63.36 -4.21 62.27 -2.76 66.73 -1.81
53.66 -2.04 56.52 -2.37 53.64 -4.26 52.48 -6.11 52.46 -6.53

6 19 37.93
52.66 -9.96 53.66-11.62 54.94-13.41 56.93-14.32 59.19-14.66 61.53-14.44
63.79-12.53 64.39-10.15 64.47 -9.67 64.50 -6.54 63.97 -5.22 62.82 -3.22
61.16 -2.11 59.39 -1.94 56.17 -2.26 55.47 -3.54 53.66 -5.69 52.97 -6.17
52.59 -7.48

7 26 35.87
52.62-11.61 53.62-12.74 55.26-14.69 56.71-14.81 56.37-15.24 60.13-15.22
62.04-14.55 63.29-13.51 64.15-12.65 64.58-16.74 64.72 -6.65 64.08 -5.29
63.26 -3.51 61.61 -2.47 66.46 -2.14 58.15 -2.46 56.29 -3.26 54.37 -4.76
53.82 -6.83 52.42 -8.19

6 19 33.93
52.68-16.64 53.39-12.54 54.61-13.83 56.80-14.97 58.91-15.31 60.89-15.09
63.50-13.94 64.57-11.66 64.87-10.98 64.82 -6.64 64.26 -5.17 62.96 -3.64
61.05 -2.53 59.12 -2.62 56.41 -3.59 54.59 -4.92 53.24 -6.75 52.76 -7.76
52.46 -6.52

9 16 31.92
52.83-11.37 53.71-12.98 55.14-14.38 57.16-15.24 58.76-15.47 61.29-15.89
63.55-13.97 64.55-12.33 65.62-11.64 64.69 -6.96 63.72 -4.73 62.48 -3.42
66.77 -2.67 59.01 -2.95 56.96 -3.75 54.78 -5.38 53.17 -6.93 52.48 -6.27
16 16 29.92

52.97-11.16 53.86-12.99 55.21-14.22 57.6-15.86 59.16-15.39 61.75-14.79
63.82-13.22 64.95-11.33 65.0-11.83 64.64 -6.71 63.74 -5.13 62.46 -3.55
66.66 -3.69 58.41 -3.16 56.26 -4.41 54.16 -5.87 53.11 -7.48 52.81 -8.28
11 16 27.91

53.27-11.17 54.36-13.31 56.62-14.86 57.94-14.66 66.19-14.95 61.97-14.45
63.99-12.79 64.76-11.45 64.41 -6.33 63.65 -4.93 62.19 -3.57 59.96 -3.24
57.37 -4.12 55.58 -5.16 53.29 -7.65 53.11 -6.26
12 1 25.93

53.61-10.47 54.18-11.78 55.57-13.24 57.56-14.22 59.33-14.70 61.54-14.30
63.61-13.07 64.42-11.55 64.49-11.25 64.41 -7.22 63.99 -6.42 62.89 -4.75
61.33 -3.83 59.37 -3.68 57.66 -4.57 55.14 -5.93 53.85 -7.35 53.61 -7.86
13 16 23.96

54.14-10.22 54.97-12.19 56.45-13.27 56.59-13.97 66.66-14.14 63.11-13.34
64.12-11.91 64.51-11.21 64.14 -7.37 63.63 -6.65 62.62 -4.84 61.27 -4.34
59.15 -4.31 56.95 -4.95 55.25 -6.83 54.29 -7.39
14 17 21.92

54.48-16.10 55.61-11.56 56.37-12.55 5809-13.44 59.88-13.98 61.66-13.76
63.72-12.19 64.12-11.26 63.71 -6.95 63.23 -6.66 62.18 -4.95 60.28 -4.57
56.63 -4.67 56.85 -5.57 55.34 -6.63 54.66 -7.66 54.55 -6.83
15 16 19.89

55.26 -9.99 55.53-11.27 5G.82-12.46 50.50-13.21 66.61-13.43 62.57-12.86
63.64-11.44 63.87-10.73 63.59 -7.28 63.12 -.6.6 62.84 -4.96 66.52 -4.64
58.36 -4.64 56.68 -5.64 55.23 -7.46 54.97 -6.12
16 14 17.91

55.56-16.85 56.57-11.76 58.05-13.17 68.67-13.27 62.88-12.97 63.21-11.38
63.38-18.79 63.69 -7.63 62.56 -5.56 61.0 -4.84 59.65 -4.84 57.76 -5.51
56.36 -6.66 55.40 -7.85
17 14 15.92

55.89-18. 16 56.61-11.44 57.93-12.67 59.83-13.25 61.61-12.8 62.66-11.61
62.91-18.95 62.54 -6.21 61.65 -5.63 68.6 -4.84 50.33 -5.19 57.05 -5.96
56.22 -7.13 55.95 -7.67
18 14 13.97

56.34-16.69 57.34-11.91 59.66-12.97 61.25-12.73 62.22-11.96 62.46-11.16
62.57-19.81 62.33 -6.41 61.69 -5.17 60.55 -4.67 56.76 -4.87 57.33 -5.55
56.42 -6.63 56.22 -7.36
19 15 11.94

56.46-16.90 57.22-11.39 58.69-12.65 60.26-12.76 61.57-11.92 62.15-19.66
62.29-10.32 62.33 -7.61 61.93 -6.66 61.66 -5.61 59.37 -4.67 57.79 -4.86
56.66 -5.59 56.42 -6.54 56.31 -7.13
26 15 9.93

56.31 -6.33 56.99-16.22 57.96-11.82 59.25-12.49 66.60-12.25 61.49-11.63
62.24 -9.99 62.39 -9.53 62.41 -7.53 61.87 -5.52 66.71 -4.35 59.81 -4.61
57.26 -4.33 56.44 -6.63 56.24 -6.14
21 16 7.94

56.26 -0.16 57.64 -9.66 57.75-11.32 53.58-12.29 59.92-12.53 66.96-11.33
62.11-18.25 62.67 -9.57 62.53 -8.12 62.41 -6.61 61.61 -4.94 68.64 -3.41
56.95 -3.66 57.51 -3.55 56.36 -5.13 55.92 -6.69

1 16 5.95
56.66 -9.31 57.45-18.75 50.26-11.98 59.32-12.04 66.58-12.25 61.36-16.66
62.54 -9.4 6.76 -9.26 62:.2 -4.25 61.69 -2.71 66.66 -1.66 50.0 -1.16
57.47 -2.63 56.56 -3.95 56.24 -5.46 56.6? -G.65

2 17 3.93
56.31 -6.46 56.96-16.20 57.45-12.02 56.69-12.09 68.72-12.76 61.70-11.46

2.52 -9.57 63.24 -4.0 62.95 -1.57 62.69 9, 61.66 2.96 66.55 4.0
0.64 4.25 57.62 2.44 57.13 .52 56.67 -1.14 5.56 -2.

3 22 1.91
56.52 -6.00 56.77-16.40 57.46-12.60 56.64-13.14 66.53-13.12 61.99-12.66
62.76-18.18 62.63 -9.36 65.04 -. 11 65.62 2.34 64.39 4.12 63.17 5.19
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62.63 6.87 £1.14 7.47 61.22 9.77 66.26 9.33 59.96 7.34 59.72 9.42
59.33 9.33 57.92 1.87 57.11 6.56 56.57 4.814 35 1.3156.57 -7.11 56.75 -9.76 57.16-11.36 51.61-12.55 66.46-13.02 61.94-11.92
62.36 -9.44 63.21 -7.69 63.56 -6.39 63.93 -5.63 64.43 -3.53 64.83 -2.11
65.49 -. 47 66.61 1.16 66.17 2.65 66.63 3.61 66.60 3.81 66.29 5.13
65.75 6.37 65.36 7.63 64.76 6.71 64.23 9.23 63.93 10.44 63.19 13.55
62.76 16.46 62.12 11.27 61.23 11.11 66.59 16.75 59.21 11.38 56.14 18.65
57.49 9.34 57.19 7.7Z 57.16 5.59 56.76 3.96 56.68 2.751 7 91.66
29.42 -2.66 33.16 -5.63 31.93 -6.66 31.99 -6.19 31.91 6.46 36.61 5.57
29.57 Z.68

2 14 89.93
2966 -5.37 31.82 -8.27 32.64-18.36 34.39-12.44 36.88-14.19 38.26-14.65
36.23 8.21 37.68 8.11 34.35 7.35 32.35 6.15 33.65 4.66 29.62 2.56
Z9.27 1.13 29.26 1.13

3 19 87.93
29.35 -4.61 30.13 -6.8 31.59 -9.15 33.48-11.69 35.53-13.62 37.61-14.89
43.14-15.4 42.29-15.67 44.38-15.61 44.33 9.16 42.31 8.77 39.57 0.47
36.45 7.76 34.07 6.93 32.37 6.23 30.67 5.17 29.57 3.44 26.95 1.23
26.65 .96

4 24 85.93
23.99 -4.36 38.55 -6.Z9 31.97-16.44 33.99-12.64 35.07-14.55 36.47-15.33
41.62-15.57 43.44-15.69 45.24-15.72 46.68-15.72 47.45-15.75 47.45 9.16
47.19 9.18 44.8 6.95 43.13 6.55 40.95 6.15 39.28 7.71 37.33 7.66
35.63 7.72 33.63 7.24 31.35 5.95 29.73 3.93 29.04 2.11 29.72 .66

5 21 63.92
29.19 -5.33 29.96 -6.19 31.73-19.63 34.16-12.82 36.17-13.73 38.30-14.93
41.39-15.32 43.72-15.06 45.66-14.69 47.45-14.77 47.45 6.43 47.33 9.41
45.37 3.17 41.95 7.53 39.96 7.34 37.76 8.37 35.57 7.97 33.16 7.34
31.14 5.23 29.62 2.95 26.79 .74

6 24 81.92
29.11 -5.8 29.91 -7.96 38.99-16.35 32.77-12.17 34.63-13.53 36.77-14.06
36.95-14.89 40.75-14.42 42.41-14.55 44.23-14.16 46.32-13.33 47.25-12.98
47.45-13.39 47.45 6.96 46.61 7.36 44.54 6.36 43.15 5.91 41.64 7.23
39.30 9.12 36.78 3.22 34.55 7.91 31.92 6.34 29.83 2.83 28.84 .61

7 23 79.92
26.74 -5.26 29.56 -7.52 33.32 -9.63 32.37-11.26 34.62-12.99 37.86-13.63
39.37-13.86 49.73-13.52 42.55-13.61 44.24-12.54 46.65-11.64 47.17-16.51
47.45-13.47 47.45 4.47 45.78 4.33 43.69 6.15 41.82 7.67 38.89 9.22
36.26 6.25 33.36 7.19 31.31 5.14 29.65 .32 26.59 -1.23

1 32 77.85
29.14 -6.63 33.43 -6.92 32.16-16.96 34.69-12.63 37.06-12.53 39.07-12.48
41.64-11.76 43.53 -9.99 44.56 -6.63 45.69 -7.43 45.27 -7.63 45.42 -5.91
45.56 -4.79 45.73 -3.68 45.69 -2.56 46.04 -1.44 46.23 -.32 46.35 .79
46.51 1.91 46.66 3.33 45.71 4.62 44.51 6.34 42.6 7.22 39.43 7.95
37.27 3.26 34.46 7.66 32.49 6.21 33.84 4.22 29.62 2.33 29.13 .23
23.76 -1.15 23.76 -1.15

2 34 75.96
29.15 -6.42 36.36 -9.59 31.93 -9.66 34.24-11.23 36.47-11.75 36.71-11.59
41.46-13.98 43.79 -9.38 45.04 -6.27 46.21 -7.32 46.94 -5.55 47.11 -4.67
47.11 -4.6? 47.12 -4.36 47.13 -3.44 47.15 -2.33 47.16 -2.21 47.17 -1.68
47.18 -. 98 47.26 -. 37 47.21 .25 47.22 .86 46.42 2.93 45.17 5.23
42.79 6.6 46.53 7.64 36.56 6.33 35.97 7.96 33.42 6.76 31.79 4.97
30.46 2.66 29.25 .15 26.79 -1.24 23.76 -1.24

3 32 73.90
29.50 -6.50 30.38 -8.86 32.81 -9.73 33.99-13.57 36.39-11.18 36.21-11.38
41.13-11.86 43.56 -9.99 45.25 -6.96 46.18 -7.42 46.95 -6.14 47.17 -4.83
47.18 -4.57 47.17 -3.96 47.16 -3.39 47.16 -2.9 47.15 -2.21 47.14 -1.63
47.13 -1.34 47.13 -. 45 47.12 .14 47.11 .73 46.69 3.13 44.31 5.32
41.75 6.96 36.92 7.96 36.13 7.39 32.96 6.32 31.15 4.37 33.37 1.53
29.23 -. 69 29.12 -1.46

4 34 71.93
36.62 -6.73 31.62 -6.41 32.64-13.36 34.73-11.35 36.61-11.42 36.73-11.49
41.13-11.14 43.67-13.13 45.31 -9.11 46.13 -3.64 46.73 -6.49 47.12 -4.99
47.12 -4.97 47.13 -4.45 47.33 -3.93 47.36 -3.41 47.34 -2.69 47.32 -2.36
47.06 -1.34 46.98 -1.32 46.96 -. 6 46.94 -. 23 46.15 2.63 45.17 3.69
43.23 5.66 41.03 6.62 39.63 7.51 36.96 7.65 34.22 6.66 32.31 5.63
31.36 3.95 33.17 2.81 29.62 -. 31 29.36 -1.23

5 31 69.96
29.90 -6.58 38.64 -7.75 32.31 -9.35 34.26-13.64 36.73-11.66 33.79-11.64
41.42-11. 9 43.43-13.17 45.65 -9.1 46.69 -7.33 46.59 -5.91 46.89 -4.74
46.98 -e.74 46.37 -4.22 46.64 -3.71 46.81 -3.19 46.73 -2.66 46.76 -2.16
46.73 -1.65 46.73 -1.13 46.67 -.62 46.64 -. 16 44.97 3.19 43.24 4.64
41.43 6.44 39.23 7.84 36.59 7.17 33.74 6.11 31.46 3.75 33.52 1.64
29.67 -. 34

6 29 67.89
36.42 -6.66 3.16 -3.73 34.13-11.27 36.36-11.73 39.61-11.99 41.16-11.57
44.37-10.5 45.72 -7.6 46.33 -6.12 46.49 -4.72 46.46 -4.25 46.46 -3.77
46.45 -3.36 46.44 -. 2 4 -2.35 46.41 -1.67 46.46 -1.40 4f.36 -. 92
46.37 -.43 45.12 1.53 43.93 3.69 41.36 5.54 39.65 6.55 31.75 6.71
35.49 6.56 33.61 5.69 31.91 4.26 31.32 2.33 36.46 .12
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7 36 65,92
31.19 -7.54 32.56 -9.69 34.49-11.11 37.05-11.85 39.66-11.67 42.02-11.22
44.55 -9.51 45.68 -7.83 46.09 -5.46 46.69 -5.03 46.89 -4.59 46.09 -4.16
46.09 -3.73 46.09 -3.29 46.69 -2.86 46.69 -2.43 46.89 -1.99 46.69 -1.56
45.38 .35 44.27 2.15 42.98 4.64 41.36 5.15 39.19 5.85 36.96 6.15
34.64 5.72 33.24 4.75 32.64 3.31 31.82 1.39 36.49 -.23 38.49 -. 23

6 26 63.93
31.26 -7.26 32.48 -9.35 34.68-18.83 36.23-12.05 38.73-12.13 41.48-11.57
43.43-10.24 44.92 -6.29 45.51 -6.84 45.76 -5.61 45.78 -5.12 45.78 -4.62
45.77 -4.13 45.77 -3.64 45.77 -3.14 45.77 -2.65 45.76 -2.16 45.76 -1.66
45.76 -1.17 44.84 .67 43.83 2.67 42.43 4.61 46.17 5.64 37.61 5.59
34.66 5.62 32.53 3.63 31.41 1.65 36.73 -. 52

9 27 61.92
31.42 -7.48 32.13 -9.14 34.54-11.21 36.76-12.61 38.82-12.18 42.23-11.14
44.23 -9.69 45.26 -6.84 45.55 -5.68 45.53 -5.18 45.56 -4.75 45.48 -4.33
45.46 -3.96 45.43 -3.48 45.41 -3.85 45.39 -2.63 45.36 -2.28 45.34 -1.78
44.39 -.61 43.56 2.36 41.91 3.58 39.59 4.66 37.44 4.98 35.65 4.32
32.79 2.49 31.56 .46 31.65 -1.06
16 27 59.92

31.72 -6.46 32.97-16.13 34.67-11.44 36.33-11.99 38.46-12.26 46.47-12.03
42.76-16.96 44.13 -8.85 44.96 -7.39 45.32 -6.69 45.29 -5.65 45.26 -5.21
45.23 -4.77 45.26 -4.33 45.17 -3.96 45.14 -3.46 45.11 -3.62 45.68 -2.58
45.65 -2.14 44.45 -. 58 43.82 1.43 41.25 3.17 36.95 4.67 36.47 4.67
33.61 2.63 31.96 -. 12 31.29 -1.98
11 27 57.91

31.85 -8.33 32.94 -9.53 34.33-16.85 36.31-12.11 38.56-12.25 41.13-11.76
43.41-16.56 44.72 -8.43 45.11 -7.64 45.17 -6.31 45.16 -5.91 45.15 -5.56
45.14 -5.16 45.13 -4.69 45.12 -4.29 45.11 -3.88 45.16 -3.48 45.69 -3.67
45.08 -2.67 43.98 -. 61 42.65 1.35 46.78 2.52 38.54 3.41 36.39 3.24
33.83 1.31 32.27 -.61 31.72 -2.19
12 23 55.93

31.99 -7.84 33.24 -9.84 34.60-11.13 36.15-12.00 36.65-12.19 46.71-12.15
42.83-11.15 44.43 -9.56 44.96 -6.16 45.11 -7.67 45.18 -3.96 44.29 -2.10
42.98 .29 46.84 1.64 36.61 2.71 36.61 2.56 34.53 1.34 32.84 -. 99
32.26 -2.43 31.96 -3.32
13 26 53.93

32.19 -8.43 33.19 -9.94 34.58-11.23 36.22-12.11 37.97-12.27 39.77-12.37
41.96-12.66 43.43-11.28 44.46-16.12 45.63 -9.64 45.17 -8.66 45.14 -4.98
44.61 -2.92 42.6 -. 22 46.85 1.26 38.64 1.76 36.26 1.55 33.57 -.64
32.25 -3.53 32.69 -4.41
14 z 51.91

32.22 -6.44 33.57-16.21 34.76-11.61 36.38-12.27 36.17-12.57 46.25-12.71
42.69-12.65 44.66-16.6 44.61 -9.67 45.66 -8.76 45.19 -5.93 44.42 -4.2E
43.47 -1.97 42.14 -. 46 48.86 .89 38.62 1.25 35.25 .56 33.13 -2..12
32.46 -4.25 32.69 -5.66
15 26 49.93

32.24 -8.65 33.36-18.32 34.46-11.75 35.99-12.57 36.36-12.75 40.46-13.4
42.56-12.29 44.44-16.76 44.85 -9.65 44.86 -9.24 44.8 -6.21 44.16 -4.11
42.64 -2.66 41.39 -.26 39.39 .79 37.29 .60 34.96 -. 96 33.34 -3.15
32.66 -5.19 32.24 -6.8

1 21 47.92
32.26 -6.94 33.81-10.35 33.93-11.86 35.32-12.78 36.63-13.8 38.66-12.91
39.26-12.85 41.21-12.83 43.36-11.72 44.12-10.66 44.54 -9.77 44.48 -6.68
43.56 -4.57 42.16 -2.96 46.71 -1.16 36.96 .62 37.60 .16 35.65 -1.96
33.91 -3.69 32.96 -5.41 32.67 -G.79

2 19 45.95
32.66 -9.66 32.87-11.36 36.25-13.34 36.12-13.07 39.24-12.54 46.95-12.52
43.16-11.26 43.86-13.63 44.68 -9.59 43.97 -6.6 42.72 -4.65 41.29 -3.62
39.91 -1.29 37.95 -. 86 35.61 -1.78 33.96 -2.74 32.76 -5.76 32.17 -7.81
31.93 -7.77

3 19 43.97
31.77-16.49 32.55-12.13 34.69-13.13 35.74-13.91 37.54-14.69 39.66-13.34
46.97-12.27 42.94-18.61 43.29 -9.61 43.13 -6.51 41.99 -5.23 46.91 -3.25
39.23 -2.26 37.56 -1.96 35.93 -2.69 33.71 -3.65 32.26 -5.92 31.64 -7.19
31.67 -7.61

4 1 41.92
31.36-16.65 32.61-13.17 34.31-14.34 36.19-14.56 37.95-14.51 39.63-13.62
41.36-12.18 42.43-16.32 42.63 -9.66 42.55 -6.83 41.52 -5.60 46.16 -4.24
36.31 -3.24 35.6 -3.83 34.69 -3.59 32.26 -4.93 31.46 -6.73 31.21 -7.45

5 19 39.94
30.6-16.91 31.64-12.96 32.92-14.24 34.52-14.96 36.24-15.11 30.15-14.96
48.24-13.64 41.62-12.68 42.08-16.79 42.16-18.31 42.31 -7.65 41.33 -6.16
46.65 -4.75 33.36 -3.96 36.23 -3.36 34.26 -3.31 31.92 -4.51 36.95 -6.51
36.74 -7.21

6 16 37.94
39.45-11.33 31.31-13.42 32.33-14.43 33.93-15.35 35.46-15.53 37.23-15.54
39.17-14.95 46.79-13.37 41.56-12.13 41.16-16.95 42.63 -7.96 46.90 -6.38
39.27 -4.49 37.67 -3.52 34.95 -3.17 32.75 -3.76 33.96 -5.39 33.23 -7.23

7 19 35.39
36.27-12.6 38.79-13.6 32.31-15.17 35.31-16.61 37.11-15.39 39.25-15.12
41.12-13.45 42.81-11. 4 4 1.-11.61 42.26 -6.69 41.23 -7.2, 39.74 -5.19
37.91 -3.69 35.80 -3.3, 34.13 -3.43 31.53 -4.26 36.66 -5.76 36.6 -7.46
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29.93 -7.97
8 18 33.95

29.97-12.22 39.55-13.49 32.87-15.46 33.91-15.95 36.87-16.89 38.79-15.43
48.70-13.84 41.79-12.00 41.92-11.39 42.82 -8.54 46.42 -6.65 38.91 -4.71
36.?? -3.71 34.88 -3.30 33.62 -3.58 31.40 -4.84 39.15 -6.63 29.79 -7.59

9 18 31.94
29.95-11.97 31.26-14.42 32.75-15.59 34.98-16.18 37.10-16.18 39.44-15.15
41.03-13.51 41.68-11.62 41.87-11.84 41.82 -8.47 48.41 -6.87 38.41 -5.13
36.70 -4.11 34.75 -3.49 33.17 -3.68 31.82 -5.38 29.92 -6.96 29.74 -7.57
16 18 29.92

29.67-11.58 31.23-14.35 32.52-15.14 34.99-16.86 36.66-16.84 39.64-14.80
40.92-13.36 41.59-11.68 41.69-11.18 41.48 -8.42 46.37 -6.78 38.'92 -5.37
36.86 -4.52 34.89 -3.85 33.09 -3.88 31.24 -4.99 39.01 -7.21 29.82 -7.70
11 18 27.93

29.79-11.65 39.59-13.32 31.66-14.57 33.64-15.46 35.87-15.80 39.26-15.04
49.08-13.76 41.15-12.13 41.37-11.17 41.29 -8.26 48.20 -6.73 38.61 -5.37
36.96 -4.49 35.41 -4.10 33.74 -3.95 31.58 -5.83 30.24 -6.51 29.87 -7.57
12 17 25.93

29.96-11.52 30.66-13.23 32.44-14.65 34.48-15.17 36.63-15.12 38.80-14.09
49.14-12.49 40.77-11.89 40.83-10.47 40.73 -8.87 39.54 -6.66 36.51 -4.69
34.87 -4.16 32.90 -4.38 31.52 -5.30 39.13 -7.99 29.94 -7.83
13 17 23.98

30.17-10.96 31.86-12.84 32.34-13.92 34.8-14.58 36.08-14.59 38.85-13.76
39.46-12.41 46.11-18.86 40.36-10.22 48.26 -7.66 38.96 -6.83 37.23 -4.98
35.21 -4.24 33.80 -4.30 32.18 -4.87 30.58 -6.33 30.89 -7.58
14 15 21.95

39.42-11.97 31.21-12.71 33.31-13.96 34.87-14.15 36.58-13.73 38.8-12.87
39.47-11.11 39.79-10.18 9.83 -8.83 38.49 -6.42 36.42 -4.68 33.92 -4.37
32.66 -4.80 31.16 -5.87 7.51 .18
15 15 19.92

39.69-11.16 31.48-12.46 32.91-13.39 34.54-13.55 36.47-13.17 38.99-12.12
39.64-16.71 39.27 -9.99 39.38 -8.15 38.95 -6.57 36.58 -5.17 34.65 -4.58
32.88 -4.87 31.53 -5.91 30.71 -7.13
16 14 17.94

31.8-19.87 31.85-12.57 33.51-13.06 35.72-12.98 37.38-12.27 38.35-11.21
38.68-19.85 38.65 -8.6 36.92 -5.58 33.97 -4.66 32.62 -5.68 31.54 -5.96
31.14 -6.56 31.14 -6.56
17 14 15.95

31.35-18.44 31.93-11.86 33.43-12.62 35.26-12.65 37.33-11.86 38.19-18.41
38.45 -9.77 38.28 -7.67 37.62 -6.33 36.13 -5.23 34.38 -4.64 32.75 -4.92
31.66 -5.93 31.43 -6.41
18 14 13.99

31.87-10.69 32.23-11.68 34.48-12.61 35.93-12.28 37.21-11.56 37.79-10.70
37.95 -9.94 38.09 -7.39 37.22 -5.89 34.74 -4.38 33.17 -4.57 32.84 -5.46
31.68 -6.12 31.68 -6.34
19 14 11.98
32.06-1.33 32.78-11.31 33.80-12.15 35.18-12.14 36.39-11.41 36.75-11.22
37.54-10.08 37.76 -7.13 37.89 -5.57 35.16 -4.85 34.89 -4.13 32.80 -4.76
32.01 -5.8 31.77 -6.46
26 16 9.95

31.67 -9.83 32.27-19.23 33.12-19.97 33.96-12.99 35.36-11.94 36.58-19.95
37.53 -8.91 37.77 -7.77 37.73 -6.84 37.19 -5.15 36.22 -3.87 34.86 -3.5
33.28 -3.84 32.89 -5.27 31.68 -6.23 31.68 -6.71
21 17 7.96

31.48 -8.84 32.43 -9.94 33.38-16.76 33.97-12.17 35.25-12.11 36.14-10.82
38.91 -9.82 37.39 -7.37 37.88 -6.89 37.91 -5.86 37.31 -4.38 36.98 -3.19
34.26 -2.65 32.62 -3.55 31.72 -5.18 31.31 -6.77 31.28 -7.29

1 18 5.96
31.51 -8.96 32.48 -9.94 33.51-11.40 34.54-11.96 35.91-11.21 36.67 -9.39
37.41 -7.93 37.63 -7.29 37.74 -4.73 37.46 -3.92 37.05 -1.25 35.94 .11
34.62 .73 33.44 .32 32.57 -1.27 31.65 -3.64 31.66 -4.57 31.57 -5.70

2 17 3.96
31.49 -8.96 32.26-11.87 33.46-12.62 35.22-12.61 36.41-16.69 37.11 -8.88
37.48 -7.66 37.75 -2.22 37.22 1.48 37.26 4.15 36.37 5.17 34.79 5.18
33.15 3.85 31.78 1.31 31.25 -1.56 38.99 -3.65 36.76 -4.28

3 24 1.94
31.39 -9.64 31.97-11.29 33.86-12.25 34.51-12.61 35.97-11.78 37.83-10.28
37.42 -6.86 38.54- 5.36 38.64 7.39 37.66 8.71 36.63 9.58 35.74 9.62
35.24 7.68 34.96 8.88 33.56 9.72 33.69 8.75 32.39 9.94 31.87 8.53
31.12 7.75 30.49 6.66 29.71 4.99 29.41 3.55 29.41 2.38 29.41 1.68

4 31 8.86
28.62 3.97 28.64 2.49 23.95 1.42 29.43 .05 29.83 -1.64 30.28 -3.90
36.32 -6.67 36.95 -9.96 31.64-10.97 32.75-12.85 34.66-12.28 36.27-11.55
37.21 -9.76 37.34 -7.88 38.48 3.68 38.89 5.47 36.6 8.86 38.13 16.23
37.47 11.96 35.96 12.23 35.91 11.56 34.45 11.96 33.66 11.76 33.82 11.98
32.34 11.56 31.36 16.56 31.69 9.78 36.62 9.16 29.94 0.65 29.19 7.18
28.56 5.83

115



APPENDIX H

SOURCE LISTING OF ALL SUBROUTINES OF PROGRAM
IMPED WRITTEN UNDER CONTRACT F33615-78-C-0504

C DEFINITION OF VARIABLES IN COMMON AREAS.sswmuusususumuawmuwsmssawms

.... /,AXES/--VARIABLES USED IN DEFINING ANATOMICAL AXES SYSTEMS.
S--THE COMPUTED GLOBAL AXES SYSTEM LOCATION OF EACH ANATOMICAL AXES

C SYSTEM ORIGIN.

C DCOS--THE DIRECTION COSINES OF EACH ANATOMICAL AXES SYSTEM WITH RES-
C PECT TO THE GLOBAL AXES.

C IDEFPT--LANDMARKS USED TO DEFINE THE ANATOMICAL AXES SYSTEMS OF EACH
C OF THE NINETEEN ELEMENTARY SEGMENTS.

C ISAME--RELATES EACH COMBINED SEGMENT TO THE ELEMENTARY SEGMENT THAT
C IT SHARES ANATOMICAL AXES WITH.
C IPRMU--USED TO PLACE THE ROWS OF DCOS IN PROPER ORDER AFTER COMPU-
C TATION.

C ABCDEF--COORDINATES or THE LANDMARKS USED IN THE DEFINING THE ANA-
C TOMICAL AXES SYSTEM BEING COMPUTED.
C NXYZ--DIRECTION COSINES ANATOMICAL WITH RESPECT TO GLOBAL FOR ONE

C SEGMENT.
C DCOSAP--DIRECTION COSINES OF THE SEGMENT ANATOMICAL WITH RESPECT TO
C SEGMENT PRINCIPAL AXES.

C... -POINTS/--LANDMARK COORDINATES AND ASSOCIATED ITEMS.
C DUMI--SPACE FILLER FOR VARIABLES NOT USED IN THE FOLLOWING ROUTINES.

C LMARK--THE COORDINATES or THE 77 ANTHROPOMETRIC LANDMARKS.
C ISGMK--A LISTING OF THE LANDMARKS ASSOCIATED WITH EACH SEGMENT TO

C BE CONVERTED TO PRINCIPAL AND ANATOMICAL COORDINATES FOR TABLES
C 7 AND 10, RESPECTIVELY.

C NLMRK--INDICIES USED TO ASSOCIATE ELEMENTS Or ISGMK WITH THE PROPER

C SEGMENT.

C... /NAMES/--DATA USED IN THE PREPARATION OF TABLE HEADINGS.
C ISUI--THE NUMBER TO BE ASSOCIATED WITH THE SUBJECT BEING PROCESSED.
C SEGNM--NAMES OF THE 25 BODY SEGMENTS.

C LMKNM--NAMES OF THE 7? ANTHROPOMETRIC LANDMARKS.
C AXESTL--NAMES Of 6 AXES SYSTEMS USED AS A PORTION OF THE NEADER Or
C EACH TABLE.

C... .FORM/--rORMATS USED BY NUMEROUS SUBROUTINES.

C... /EIGEN/--DATA PERTAINING TO SEGMENT PRINCIPAL MOMENTS OF INERTIA
C AND THEIR DIRECTIONS.

C TEN--INERTIAL TENSOR FOR EACH SEGMENT WITH RESPECT TO AXES LOCATED
C AT SEGMENT CENTER Or GRAUITY AND ALIGNED PARALLEL TO GLOBAL AXES.
C EIGUEC--THE DIRECTIONS OF THE PRINCIPAL MOMENTS OF INERTIA. THIS
C ALSO SERVES AS THE DIRECTION COSINES OF THE SEGMENT PRINCIPAL WITH

C RESPECT TO GLOBAL AXES.

C EIGR--THE PRINCIPAL MOMENTS or INERTIAL Or EACH SEGMENT.

C... '/I--SOME INERTIAL PROPERTIES Or EACH SEGMENT.
C XYZCG--GLOBAL AXES LOCATION OF SEGMENT CENTERS OF GRAVITY.
C SEGVOL--UOLUME OF EACH SEGMENT.

C... /TRANS/--DATA PERTAIMING TO THE CHANGE IN GLOBAL AXES SYSTEMS.
C XA--X COORDINATE OF NEW GLOBAL AXES ORIGIN WITH RESPECT TO THE OLD
C GLOBAL AXES.

C YA--Y COORDINATE Or NEW GLOBAL AXES ORIGIN WITH RESPECT TO THE OLD

C GLOBAL AXES.
C COSR--COSINE or THE ANGLE BETWEEN THE NEW AND OLD GLOBAL AXES SYS-

C TEMS' X AXES.
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C SINR--SINC Or THE ANGLE BETWEEN THE NEW AND OLD GLOBAL AXES SYSTEMS'

C X AXES.

C,. /SECTA/
C DUMI--SPACE FILLER FOR VARIABLES NOT USED IN THE FOLLOWING ROUTINES.
C NSEGCS--NUMBER OF CROSS SECTIONS PER EACH SEOMENT.

C

C
Cmmmmummsiswuwssawlmmmtmmmmmessssuusssmslmsmsssseiwsssuessss

BLOCK DATA

COMMON /AAXES/ S(3,25).DCOS(9,ZS),IDEVPT(6,19),ISAME(6),

L IPRMu(3.1).ABCDCr(I).NXYZ(9.DCOSAP(9,25)
COMMON /POINTS, DUMS(I6OO),LLMARK(3.77),ZSGMK(183),NLMRK(25)

COMMON /NAMCS/ ISUBSCGNM(S).LMKNM(2.77),AXESTL(2,6)
COMMON IfORM' SEUEN(3).ErGHT(Z),rIvE(4),SIX(S)
COMMON IEIGENI TEN(ZS,3,3),EIGUECCZS, 3,3),EIGR(CS,3)
COMMON /1/ XYZCG(25.3).SEGUOL(25)
COMMON /TRANS/ XAYA.COSRSINR

COMMON /SECTA/ DUMI(689),NSEGCS(Z)

DATA IDEFPT / 37. 38, 36. 37, 38, 34,

6 41. 2, 44, 77, 2, 2.
£ 44, 2, 7, 2, 7, 7,

• 49. 58, 7, 49, 58, 7.
L 53, 54, 55, 53, 54, a,
5 4. 18, 12, 4. 12, 4,

& 28o 22, 16, 28. 16, 16,
& 38. 24, 26, 24, 28, 26.

• 3. 9, 11, 3, 11, 3.
• 19, 21, 15, 19, iS. 15,
£ 29. 23, 27. 23, 27. 25.

• 57. 59. 61, 59, 5?. 57,

t 57, 59, 61. 59, 57, 57,
& 63, 69. 67, 69, 63, 63,
1 71, 73, 32, 75, 32, 71,
a 56, Sol 6. S8, 56, 56,

s 56, 58, 68, 58. 56. 56.

& 62. 68, 66, 68. 62, 62,
& 78, 72, 31, 74, 31, 70/

DATA ISAME / 7. 18, 13. 17, 5. 5/
DATA IPRMU / 2. 3, 1, 3, 1, 2,

• 2, 1. 3. 2 3, 1,
• 1, 3, 2, 1, 2, 3.

a 1, Z. 3, 1, 3, Z,
• 1, 2. 3, 1, Z, 3,
• 1, 3, 2, 1, 2, 3,

& 1, 2. 3. 1. 2, 3.
• 3, 2, 1, 1, 2, 3,
• I, Z. 3. 1, 2. 3.
• 3. 2. 1/

DATA AXESTL /SH I1ON GLOBAL.6H .ION PRINCIPAL,
a SN ,1SHSEGMENT PA.6H TOTBHAL BODY PA.

I 6H .18HANATOMICAL,6HTOTAL .18490DY ANATOo
DATA NLMRK - S. 7, 15, 28. 34, 42, 49, 55. 61. 68, 74, 88. 84,

. 91, 97,183.107.114,120,126,136-146.154,162,183 /
DATA ISGMK 1,34,36,37,38,39,48, 1, 2,39,49,41.42,43,44. 2, 3. 4.

9 5, 6, 7,42,43.44,45,d6,49,50, 7. 8,49,58.51,5. 8.51.

a 52,53,54,55°56.57, 4. 618.12,14.16*46,18,12,1416,ZB

I Z2,Z. ZZ. 24,26.28,30, 3, 5. 9,11,13,15,45. 9.11.13.15.
• 19.21.19.21.23.Z25.27.29 19.54.SS.57.16,Sd.57.59,61 63.

• 65,59,61,63,65.67,69,32.67.69,71,73,75,17,53,55,56,17,

• 53.56,5,60,62 ,64.566.62.64,66,66. 31,66,6870,72, 74.
S 18.12 tz 116,28,22,ZA°26,28.39. 9,11.13.1S.19.21,23.25,
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2, 3. 4. S. 6. 7. 8,42.43,44,45,46,49,59,51,52.53,54,

DATA SCVCN /1SN(14xX.3X,16.AL13r7,7.?Ne4x))
DATA EIGHT /ISN(ISX~oLANDSNI ARXS*/) /
DATA rivE /l@H427X,*SGM.IW4CNT cENTER. leHS Or GRVI.Nr-'/
DATA SIX 1IINZZX.* ORIG.IUNXN OF SE~r ,1UNENT ANATOMIUNICAL AXES*,

I IN)/
END
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* SUBROUTINE "TVSVL CONROLS THE COMPUTATIONS INVOLVED IN PREPARING THE
C TABLE OF %HEIGHT VERSUS %VOLUMIE. PARAMETER GRAPH IS A LOGICAL
C VARIABLE SPECIFYVING IF A GRAPH IS TO BE MADE Or THE RESULTING
C TABLE.
C
C

SUBROUTINE HTVSVL (GRAPH)
DIMENSION ZCZS.30).VOLORD(ZS3),ZORD(Z3
LOGICAL GRAPH

HS: 19
CALL PREPZ (Z.NS)
CALL TBLPRP CVOLORD.ZORDZ,NS)

CALL WTITLE (1S.FALSE..1)
WRITE (5.00)-
TOTUOL z .
DO 10S 1:1,201

M3 TOTVOL : TOTVOL + VOLORDCI)

PRTUOL z TOTVOL
DO 23e 1:1,201

VOLI = VOLORDCI)
VOLORD(I) = PRTVOL/TOTVOLUISI.

zoo PATVOL :PRT'JOL - VOLI

WRITE (6,99) (ZORD(I),(2S1-I)/Z,UOLORD(I), I:1,231.d)
IF (.NOT.GRAPH) RETURN
DO 333 I:1,231

333 ZORD(I) x FLOATC(291 1 )/Z)
CALL PLOT CS.,* .S,-3)
VOLORD(232) z ZORDC2UZ) : .I
VOLORDC2S3) = 12.5
ZORDC293i : is.
CALL AXIS (S.,S.,SHX MEIGHT,-S.1S.,S.,20RDC232).ZORD(253))
CALL AXIS (S.,S.,3NX UOLUME,S.S.,93.,VOLORDCZU2),VOLORDCZS3))
CALL LINE (ZORD,UOLORD,251,I,9.0)
CALL PLOTE CN)

RETURN
33 FORMAT (ISX,=PERCENT or VOLUME FROMl FLOOR TO SPECzrIcD HEIGHTS*/)
99 FORMAT C14X,NEIGNT*,19X,aX HtIGHTm,ISX,mX VOLUME*//

£ (lZXF9.ZZl13,18X~r8.Z))
END
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SUBROUTINE .TBLPRP DISTRIBUTES THE VOLUME ASSOCIATED WITH EACH CROSS
C SECTION INTO THE 260 INTERVALS TOTAL HEIGHT IS DIVIDED INTO.
C
C

SUBROUTINE TBLPRP CUOLORD. ZORD-Z,NS)
COMMON -'SECYA/ DUMICGS,HSEGCSCZS.,DuMZS60e,OL(lu.3e)
DIMENSION OOLORD(2SI). ZORD(281), Z(28,36)

VOLORDIl) : VOLORDC2II) = ZORD(ZU1) 2 S.
ZORDCI) zZINC :ZCII)
ZINC z ZINC/2UU.
DO too 1:2.296

VOLORD(t) 0.
Igo ZORDCI) zZORD(I-I) - ZINC

DO a$@ It1.Hs
XSTP 2NIEGSII)
DO 233 7:1,3STP

ZTOP :ZCI.J)
ZUOT x ZCI,I.1)
ZPMULT : OLCI.3)/CZTOP - ZEOT)

KUP z INTCZ6I. - ZTOP.'ZINC)
KOWN : E3GO INTCZ9OT/ZINC)
VOLORD(ICUP) aVOLO*DCKUP) + (ZTOP - ZORV(KUP+1))*ZMULT
UOLORDCKDNN) UOLORDCKDUN) + CZORDEKOWN) - 230T)WZijULT
KUP zKUP *1
KDWN zKD&IN -1
IF CKUP.GE.KDWN) COTO 286
Z"iULT : ZMULT*ZIHC
DO 196 X:KUP,KDWN

1941 UOLORDCK) aUOLORDCK) + ZMiULT
2316 CONTINUE

RETURN
END

C SUBROUTINE PRCPZ PREPARES A TABLE OF Z COORDINATES WHICH SERVE AS
C TOPS AND BOTTOMS FOR EACH CROSSECTIONAL MASS.
C
C

SUBROUTINE PREPZ CZNEWPNS)
COMMiON 'SECTA' ZHTC2U.3S).NSE4CSCZOS,ZCZUS38)
DIMECNSION ZNCbWgZo,30)

DO 166 I:1,NS
ZNEWCI,I) :ZCI,1) *ZHTCI.1)/Z.
7STP :NIECCCI)
DO 160 .T:1,3STP

16e ZNEWCI.3+1) aZNCNCI,1) - ZNTCZ.J)

RETURN
END
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SUBOUIEAAM CONTROLS THE COMPUTATION Of THE ORIGINCAND DIREC-
C TON COSINES Of THE SEGMENT ANATOMICAL AXES WITH RESPECT TO GLOBAL
C AXES.
C
C

SUBROUTINE ANATOM
EXTERNAL FEC. GEC. HIEC. HZEQ
REAL LMARK.A3CDET(3,6).NXY,NYZNXZ.GI(3).GZ(3). DrrrlC3), orrrz(3)
REAL ROTMA(3.3).ROTMATC3. 3)
COMMON /RAXES.' SC3.Z5),DCOSC9.Z5.,IDETPT(6,19),ISAME(6).

I XIPRMU(3. 19).A(3),6c3).C(3).D(3)EC(3).F(3),
& NXY(3).NYZ(3),NXZ(3)
COMMON /POINTS/ DUMC11190),LMARK13.77)
ECU IVALENCE (ADCDEF. A)
LOGICAL NOROT
DATA ROTMA', .86662540, .41413669.-. 29016210,

& -. 28916210, .86602540, .41413669.
& .41413669.-.28916210, .86602540/
CALL TRNSP CROTMA,ROTMAT)

C I INCREMENTS THROUGH THE 19 ELEMENTARY SEGMENTS.
DO S66 ZZ1.19

C
C ABCDEF IS FILLED WITH THE COORDINATES OF THE LANDMARKS USED TO
C DEFINE SEGMENT I'S ANATOMICAL AXES SYSTEM.

DO 166 K:1.6
DO 166 3:1,3

lee AUCDETC3.K) LMARKCJ.IDETPTCK.I))
DO 266 3:1,3

DITT1(3) :ACl) -C(l)
a@@ DITT2(J) 9 (J) -C(J)

CALL CROSS (virtIDxTT2,mxy)
CALL NORM CNXY)

C
C IT ANY COMPONENT OF NXY IS > .99 THEN THE COORDINATES OF ASCDET ARE
C ROTATATED IN ORDER TO AVOID ZEROS OCCURRING IN THE DENOMINATORS Of
C SOME EQUATIONS.

NOROT : AMAX1 (ABSCNXY(1)), ADSCNXY(2)), ABSCNXY(3))) .LT. .99
IF (NOROT) GOTO 296

CALL MATMUL (ROTMA.ABCDEF,ABCDET. 6)
DO 210 J=1.3

Dirri(J) :A(J) - c(3)
216 DIrrzc3) : a(3) - c(3)

CALL CROSS (Dirri.Dirr2.Nxy)
CALL NORM (NXY)

293 CALL EVAL NMYZ,GEQ.TEC.1.)
CALL NORM (NYZ)
CALL EVAL (61,HlEC.H2EC.U.)
CALL EVAL (G2.HlEQ.N2EC.1.3
DO 306 J21,3

Dirr1Cj) r (j) -Gici)

366 DITT2c3) z 02(3) -G1C3)

TO z DOTCDIVVI.DITV2) / DOTCDITT2.DIFTZ)
DO 466 J:1,3

466 S(J.I) :GI(3) + TBsDrF2(3)
CALL CROSS (NXY,NYZNXZ)
CALL NORM (NXZ)
IF (NOROT) GOTO 566

CALL MATMUL (ROTMAT,S(1 ).S( 1I),1)
CALL MATMUL (ROTMAT.NXYNXY,3)

566 CALL DIREC (1)
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DO 711 J:2!,2S
DO earn 1,3

66S S(1.1) zSCI.ISAflE(l - 19))
DO 766 121,9

711 DCOS(I.3) : DCOS(I.ISAME(3 1)

RETURN
END

C SUBROUTINE DIREC IS CALLED BY ANATOM TO PLACE THE ROWS OF DCOS IN
C THE CORRECT ORDER AS SPECIFIED BY IPRP U.
C
C

SUBROUTINE DIREC (K)
REAL NXYZ
COMMnON /AAXES' SCS).DCOSC3,3,Z5),DUMII(1O),IPRIUC3.19),

I DUMI(1U),NXYZ(3,3)

DO 106 3=1,3
DO 186 1:1*3

too DCOS(3.I.X) z NXYZ(IIPRMU(J,K))

DO 231 1:1,3
IF cDCOSCZ.I.K) .GT. 6.) 0070 233

DO 256 J=1,3
256 DCOSCZ.J.K) :-DCOSC!.3.K)
231 CONTINUE

RETURN
END
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SUBROUTINE EVAL IS CALLED BY ANATOM TO COMPUTE A 3-TUPLE OF THE rORM
C (Fr(Z),Z). G(Z) Z) WERE Z IS SPECIFIED.
C

C
SUBROUTINE EVAL. (PT,CQI-EQZ.Z)
REAL PT(3)

PT(Z) zCZZDM

PT(3) zZ
RETURN

END

C F~UNCTION EGU IS USED BY EVAL TO SUPPLY EQUATIONS NEEDED IN THE CD"P-
C UTATION OF ANATOMICAL AXES SYSTEM ORIGINS.

C
C

FUNCTION EGU (Z.Y)

COMMON IAAXESI DUti(4?V) .A(3. 8(3),C(3). D(3),E(3) .F(3)-
NXY(3)1NYZ(3).NXZ(3)

REAL NXY,NYZ,NXZ

ENTRY FEQ
EGO Z* CNXrC3)s(DUI)-Efl)) + NXYCI)*(E(3)-D(3)))-

(NXYCZ)*(Ct)-DCI)) + NXY(I)*(DCZ)-EC())l
RETURN

ENTRY 6CC

EGOU -(Y*NXY(2) *ZONCY(3))/NXYC1)

RETURN

ENTRY NIEQ
EQU z(DOT(C.NXY) -NXY(Z)*Y - NXYt3)VZ).Q4XYtl)

RETURN

ENTRY NZC
EQU :(DOT(CNXY) - XY(l),MYZCI)DOTCD.NYZI

t Z*CNXY(3) -NXY(I)*NYZ(3)/NYZ(I)))

L. (NXY(Z) - XY(I)*NYZCZ),NYZ(I))

RETURN

END
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F FUNCTION DOT RETURNS THE DOT PRODUCT O THE TWO THREE DIMENSIONAL
C UCCTORS A AND B.
C
C

FUNCTION DOT (A-D)
REAL A(3),B(3)
DOT : S.
DO 199 1:1,3

Ise DOT : DOT + ACI)*9B )
RETURN
END

C SUDROUTINE CROSS COMPUTES THE CROSS PRODUCT Or PARAMETERS A AND 3
C AND RETURNS THE RESULT IN PARAMETER C.
C
C

SUBROUTINE CROSS (A.,C)
DIMENSION A(3).3(3)#C(3)

CCI) z ACZ)S1(3) - A(3)*ICZ)
C(Z) z 3(1)SACS) - 3(3)*A()
C(3) z A(I)*DCZ) - ACZ)*9Cl)
RETURN
END

C SUDROUTINE NORM NORMALIZES THE THREE DIMENSIONAL VECTOR C.
C
C

SUDROUTINE NORM CC)
REAL C(3)

SIZE : S.
DO 56 z:1,3

56 SIZE : SIZE + CCI)*Uz

SIZE z SQRT(SIZE)
DO 1Il :1.3

lee CcI) a C(I)/SIZE
RETURN
END
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* SUBROUTINE WTUL56 IS USED TO WRITE OUT TABLES 5 AND S.
C
C

SUBROUTINE WTULS6
COMMON /AAXES/ S(3#ZS).DCOS(9#25)

CALL WTITLC (5. .FALSE.,1)
WRITE (6.99)
DO too 121,25

ING CALL TULCOR (S(1.1'.!)

CALL WTITLE (6,..ALSE.,1)
WRITE (6.89)
DO 231 111

age CALL TULCOS (DCOSCL*I),I)
CALL WTITLE (S..TRUE.,13
WRITE (*.6)
DO 386 1214,25

3668 CALL TULCOS COCOS(L1).I)

RETURN
a6 FORMAT (18X.SDIRECTION COSINES (ANGLES) or SEGMENT ANATOMICAL*.

I a AXES*-31X#*WITH RESPECT TO GLOBAL AXES*.'34Xo
a s(RA) z CDAGJ CRG)*eI4Xs*SEGMENTS*/)

59 FORMAT (33X,*ORIGIN Or SEGMENT ANATOMICAL AXES*/36X.
a *WITH RESPECT TO GLOBAL AXES*- /I4X#aSEGa.6I.Xa.1*,3X.
a *Y**13XSZ*i')
END

C SUBROUTINE UTITLE I5 CALLED BY VARIOUS ROUTINES TO WRITE OUT TABLE
C TITLES.
C
C

SUBROUTINE WTITLE C ITAULEPCONT. IAXES)
COMMON oNAMES' ISUU.DUM( 179) .AXESTL(2*6)
DIMENSION CONTINCZ)
LOGICAL CONT

CONTINCI) z CONTINC2) z1IB
17 (.NOT.CONT) GOTO 10
CONTINCI) : IGH(CONTINUED
CONTIN(2) z 11W)

to WRITE (6v99) ITAULE.CONTIN.ISUU,(AXESTL(IIAXES),II:1.2)

RETURN
99 FORMAT u1.,/-14X,sTAbLt U.,I2.1N.AII.A4.USUBJECT*.I2.3X.A6,AIU.

a AXES*//)
END



* SUBROUTINE TBLCOS IS CALLED TO WRITE OUT A TABLE ENTRY CONSISTING

C 07 COSINES ALONG WITH THE CORRESPONDING ANGLE. TABLES THAT
C UTILIZE THIS SUBROUTINE IN PRINTING ARE 4,6,13.
C
C

SUBROUTINE TULCOS CDCOSISEG)
REAL DCOS(3,3),ANGLE(3),NAME
COMMON /NAMES/ ISUU.SCONM(ZS)

Ir (ISG.EQ.25) WRITE (6.88)
NAME = SEGNM(ISEG)
DO INS 1:I13

DO 30 J=1,3
36 ANGLE(J) = ACOS(DCOS(I,3))*57.Z9578

WRITE (6,99) NAME,(DCOS(I,3),ANGLE(J),:,3)
NAME z ION

too CONTINUE
WRITE (6,99)

RETURN
s FORMAT (/14X.*TOTAL BODY*/)
99 FORMAT (14XAIv3(F1I.5.*(*,FS.1.*)*))

END

C SUBROUTINE TULCOR IS CALLED TO WRITE OUT AN ENTRY IN A TABLE or
C COORDINATES. THIS SUBROUTINE IS UTILIZED IN THE PRINTING OF
C TABLES S.S, 11. 12
C

C
SUBROUTINE TULCOR (XYZI)
COMMON /NAMES/ ZSUBSEONM(ZS),LMKNM(CZ??)
REAL XYZ(3)

IF (Z*(I/Z) .EQ. I) GOTO 10

IF (I.EQ.25) WRITE (6,18)
WRITE (6,99)

1 WRITE (6,99) SEGNM(I).XYZ

RETURN
Be FORMAT (//14X.STOTAL BODY*)
99 FORMAT (14XsA6,3CFI3.vZ2X))

END
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SSUBROUTINE TUL? IS USED TO CONTROL THE WRITING OUT OF TABLE 7.
C
C

SUBROUTINE TBL7
COMMON /EIGEN/ DUMOC2S),EIGUEC(25,3,3)
COMMON '1'/ XYZCGCZS.3)
COMMON ,POINTS/ DUtMl(111003.LMARK(3,77)
COMMON /AAXES/ S(3,23)
COMMON /NAMES/ ISUB.SEGNM(25),L? KNM(2,77)
COMMON /FORM/ SEVEN(33.EIGHT(Z)
LOGICAL CONT
REAL LIWARK,ORGTL(3) ,CMG(3). DCOS(3,3),XP(3)

ORGTLCI) z 1HANATOMICAL
ORGTL(Z) z LO SYSTEM OR
ORGTL(3) =IGHIGIN
CONT :.FALSE.

DO Lee 1:1,212z
CALL WTITLE (7.CONT,3)
CONT z .TRUE.
WRITE (6,99)
ISTP z 1 +2
DO 10l 11=1,ISTP

0O 56 3=1,3
CMG(3) = XYZCG(I!.3)
DO 56 K=1..3

58 DCOSCK,3) :EIGVEC(IZ.K,J)
1ag CALL RTMRXS CCMG.DCOSI;S(1,II),ORGTL)

DO Zee 11:23,24
CALL WTITLE (7.CONT,3)
wRrTE (6#99)
DO 150 J=1,3

CMG(3) : XYZCG(II,3)
DO 158 K=1,3

150 DCOSCKJ) = EIGUEC(II*,,)
age CALL RTMRKS (CMG.DCOSZISC1.II).ORGTL)

CALL WTITLE C7#CONT#3)
WRITE (6.99)
Do 250 3=1#3
CMG(J) a XYZCGCZSO3)

256 DCOS(K*3) : EZGUECCE5.IC.J)
CALL DErPT (CMG.DlCOU.25)
WRITE (6#EZGNT)
DO 336 11:1*34

CALL CN*JRT CLMARK(1Il).P.CMG,DCOS)
ass WRITE (6.SEVEN) II,(LMXNMCZZZ),I:1,2)*XP

CALL UTITLECVCONT*3)
WRITE (6,99)
06 356 11:35#77

CALL CN.DRT (LMARK(lv ZI)#XPvCNG#DCOS)
353 WRITE (SSEUEN) II.(LMXNM(Il),1:1,2).XP

CALL OTAXES (CMG.DCOS.25pSC1.Z5),ORGTL)

RETURN
is FORMAT 19SXPSSCGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN*/

a Z&X. SMITH RESPECT TO SEGMENT PA AXES*//15X****#27X,
a S*a. liE. SY*. IO. 82')



aSUBROUTINE TBIlS IS USED TO CONTROL THE WRITING OUT OF TABLE 10,
C
C

SUBROUTINE TELlS
COMMON /1'XYZCGCZS,3)
COMMON /POINTS/ DUMI(1119S).LMARK(3.77)
COMMON /AAXES/ S(3,ZS).OCOS(S.25)
COMMON /NAMES/ ISUE. SEGNMC 25) *LMKNM(Z.77)
COMMON -FORMI SEVEN(3).CIGHT(2z)
LOGICAL CONT
REAL LMARK.ORGTL(3).CMG(3) .XP(3)

OROTLC1) zIGHCENTER OF
ORGTL(2) = lUNGRAUITY
OROTLC3) z ION
CONT z *FALSE.

DO lag 121,21,2
CALL WTITLE (IS.CONTS)

COWT z TRUE.
WRITE (G#99)
ISTP a 1
DO 136 tZIPIISTP

DO 501 rzl#3
so CMiGC3) = XVzCOCII.3)
lag CALL RTMRKS (SC1,II),DCOS(1.IZ).IICMG.ORtGTL)

0O Z36 X1:23,24
CALL WTTLE CIS.CONTS)
WRITE C6,99)
DO 156 :1.3

156 CMGc3) z X'rZCG(IIP3)
266 CALL RTIIRKS CS(l.II),DCOSC1.II).ICMG.ORGTL)

CALL WTITLE ClSCONTS)
WRITE (6#99)
CALL DEFPT CS(1v2S) .DCOSC 1.'5)pZS)
WRITE (6,EIGHT)
00 300 Iz1:1,34

CALL CNURT (L"ARKCI.II),XPS(1.2S).DCOSCI.25))
366 WRITE (6,SEUEN) tI,(LMKNI'(I,ZI),1=1.2).XP

CALL WTITLE ClS.CONTS)
WRITE (6v9l)
DO 356 Itz3S.77

CALL CHURT (LMARKCI.II),XPS(1,25),DCOI(1.2S))
350 WRITE (6.SEUEN) ZI.CLMKNM(IoII),I:1.2).XP

DO 466 3:1.3
466 CMGCJ) : XYZCG(250:)

CALL OTAXES (SC1.2S).DCOS(1.25) .2S.CMG.OROTL)

RETURN
99 FrORMAT (24X.aSCGMENT LANDMARKS AND CENTER Of GRAVITY*/

16 ZX.UUITN RESPECT TO ANATOMICAL AXES*a0/15X#*%*v2?X,

END
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SUBROUTINE RTMRKS IS CALLED BY TBL7 AND T3LIB TO WRITE OUT THE COM-
C PONENTS OF LANDMARKS SPECIFIED BY ISGMK FOR SEGMENT 11 CONVERTED
C TO THE AXES SYSTEM speciFIED DY PARAMETERS S AND DCOS.
C
C

SUBDROUJTINE RTPIRKS CS,DCOS, II.C,ORGTL)
REAL S(3) DCOS(3,3).CM(3),ORGTL(3),XP(3),LMARK
COMMON /NAMES/ ISUD, SEGNMCZS) *LMKNM(2, 77)
COMMON /FORM/ SEVEN(3),EIGTCZ,
COMMON /POINTS/ DUMCLI1US),LMARICC3.??),ISGMKC1D3),NLMRKcczs)

CALL DEFPT (S.DCOS,.II
WRITE C6.EIGHT)
,ISTP : NLMRKCII+1) - NLMRKC II)
DO 56 3:IJSTP

IMRK : ISGPIK(3 + NLMRKC Il))
CALL CHURT CLMARKCI.IMRK),XPS.DCOS)

so WRITE C6.SEUEN) IMRK.(LMKHMCI.IMRK),ItlZ),XP

C ENTRY OTAXES CONVERTS THE PARAMETER CM TO THE AXES SYSTEM SPECIFIED
C BY S AND OCOS AND WRITES THESE COORDINATES OUT.
C

ENTRY OTAXES
WRITE (6,77) ORGTL
CALL CNVRT (CM,XP.S,DCOS)
BLANK zISM
WRITE kS,SEVEN) S.BLANK,9LANKXP
WRITE CS.SEVEN)

RETURN
7? FORMAT (/15X.3Al@)

END

C SUBROUTINE DEFPT IS CALLED BY RTMKS TO CONVERT THE ANATOMICAL AXES

C SYSTEM DEFINITION POINTS TO THE AXES SYSTEM SPECIFIED BY S AND
C DCOS AND WRITE THESE COORDINATES OUT.
C
C

SUBROUTINE DErPT (SDCOSISEG)
REAL S(3),DCOS(3.3),XP(3).LMARK
COMMON 'AAXES' D'JMSC300),IDEFPTCG.19),ISAME(6)
COMMON 'INAtMES' ISu~lSEGNM(Z5)-*LMKNM(Z, 77)
COMMON /POINTS., DUMICI1UB9),LMARKC3.?77
COMMON ' FORM' SEVENC3)

11 z ISEG
IF CII.GT.19) ItI ISAME(II-19)
WRITE (6,99) SEGNMISEG)
DO see 1:1.6

IMRK : DCFPTCI.11)
CALL CHURT (LMARKC1.IMRK).XP.S,DCOS)

MS WRITE C6,SEVEN) IMRKCLMKNM(J.IMRK).3z1.2).Xp
WRITE (&,SEVEN)

RETURN
99 FORMAT C1SX,.AXES DEFINI1TION POINTS*,19X.*SEGMENT 8,A.A6)

END
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- SUBROUTINE TOMOUT WRITES CERTAIN PORT IONS OF THE DATA OuTTO A DIF-

C FIERENT rFILE THAN USED FOR THE TARLES. THI S DA A IS IN AFORM MORL
C EASILY READ BY A COMPUTER PROGRAM THAN THE TABLES.
C
C

SUBROUTINE TOmOUT
COMMON /NAMES/ ISU3.SCGNMCZ5 * LMKNM(2. rv,
COMMON /I/ XYZCGCZS.3).SEGVOLCZS)
COMMON /EIGEN' TEN(ZS.3.3).CIGJCC(Z5.3, 3),EIGRC25.3)
COMMON 01AAXES' S(I,z5),Dcos(9,25)
COMMON ,POINTS/ DUMC 11191),LMARK(3.77)
REAL LMARK

WRITE (7,11) ISUS
WRITE (7.999)
WRITE (7.99) cZ.SEONM(I).SEOVOL(I). (EIGRI,J).J:1,3). I:1.25)
WRITE (7,989)
WRITE (7,99) 1(YCGIJ.:3) S3 )J1)IIZ5
WRITE (7.777) IONPRZNCIPAL
WRITE (7.77) U EGE(..)J13.:.) :.5
WRITE (7.777) ISNANATOMICAL
WRITE (7,77) (r. (DCOS(L.1).J:1.9).I:1.ZS)
WRITE (7.666)
WRITE (7,66) 7(kN3,):IZ.LMRC.)i,3Ii7)

11 FORM*T (al*.39X,DATA FOR FEMALE SUBJECTW.13)
66 FORMAT dI9.6X.ZAl8.3F19.3)
77 FORMAT (15.3X,9F8.6)
as FORMAT (I9,6X,6F19.3)
99 FORMAT (19.6X,AIB.dElZ.7)
666 FORMAT (4X. ULANDMARKS. 6X.sHAMES. 29X,*GLODAL COORDINATES*)
777 FORMAT (a SEGMENTo,9X.SOIRECTION COSINES m.AI@-S W.R.T. GLOBAL S

&w(BY COLUMNS)=)
see FORMAT (4X.*SSGMENT&,SX.SPRINCIPAL AXES ORIGIN (C.G.)m.SX.

a *ANATOMICAL AXES ORIGIN*)

999 FORMAT (4X.*SEGMENT*,7X,*NAMiEU.6X.UUOLUMES, laX.
L *PRINCIPAL MOMENTS*)
END
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SUBROUTINE CNURT CONUERTS THE COORDINATES OF PARAMETER X TO THE AXES

C SYSTEM SPECIFIED BY S AND DCOS, PLACING THE RESULTING COORDINATES
C 14 PARAMETER XP.

C

C
SUBROUTINE CNVRT (XXP.S.DCOS)

DIMENSION X(3).XP(3),S(3),DCOS(3,3)

DO 166 1:1,3
16S xp(I) = x(I) - S(ri

CALL MATMUL (DCOSXPXPI)
RETURN

END

C SUBROUTINE MATMUL COMPUTES THE MATRIX PRODUCT OF PARAMETERS A AND B

C AND PLACES THE RESULT IN PARAMETER C. B AND C MAY BE IDENTICAL IN

C THE CALLING ROUTINE.

C
C

SUBROUTINE MATMUL (A,BCNCOL)
DIMENSION A(3,3),3(3,NCOL),C(3,NCOL).ENTRY(3)

DO 169 3=zNCOL

DO 90 1:1,3

ENTRY(I) : 0.

DO 96 K:1.3

96 ENTRY(I) v ENTRYCI) * ACIK)*B(KS)
DO 109 K=1,3

ISO C(K,3) = ENTRY(K)

RETURN
END

C SUBROUTINE TRNSP COMPUTES THE TRANSPOSE Or PARAMTER A AND PLACES

C IT IN PARAMETER AT.

C
C

SUBROUTINE TRNSP (AAT)

REAL A(3,3),AT(3.3)

0O 1ee 1--1.3
DO 19 =1,3

le AT(J,I) : A(I,3)

RETURN

END
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aSUBROUTINE TBL99 IS CALLED TO WRITE OUT TABLES 0 AND 9.
C
C

SUBROUT INE TBLOS
COMMON /FORM/ DUm(s),rIVE(4) .SIX(S)
COMMON /AAXES/ S(3,25)
COMMON /EIOEN/ DUI 1C225),EIGUEC(2S,3,3)
COMMON /I/ XYZCG(ZSP3)
REAL XP(3)..DCOSC3. 3),CGT(3).CGS(3)

CALL WTrTLE (I..FALSE.,dY
WRITE C6,FIVE)
WRITE (6,99)
DO 10 1:1,3

COT(I) zXYZCG(ZSI)
DO 16 3=1.3

to DCOSCI.3) aEIGVEC(25,1,1)

DO 1ll ISEG=I,25
DO 116 1:1,3

lie COSCI) aXYZCG(ISEG.I)
CALL CHURT (CGS.XPCOT.DCOS)

1se CALL TBLCOR (XP.ISEG)

CALL lITITLE (9..FALSE.,4)
WRITE (6.SIX)
WRITE (6.99)
DO 206 ISEGz1.25

CALL CHURT CScI*ISEG)PXPCGTDCOS)
29 CALL TULCOR (XPISEG)

RETURN
99 FORMAT C23X,*WZTH RESPECT TO TOTAL BODY PA AXES*s"

I. 14X,*SEGa, 16X,*Xs. 13X,*Y*, 13X.*Z*/)
END
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SUBROUTINE TULIIZ IS CALLED To WRITE OUT TABLES 11 AND 12.
C
C

SUBROUTINEC oul
COMMON /AAXES/ S23.Z!).DCOSCS.25S
COMMNON '1, XYZCO(25.3)
COMMuON -PrORMZ DUM9(S).,PUCC4).SIX(S)
REAL XP(3),CM(3)

CALL WI1ILC c11,..ALSC.,G)
WdRITE C6.FIUC)
WRITE (G.99)
DO 166 ISEGzl.aS

DO 967121,3
go CM(3) z )YZCG(!SEG,3)

CALL CHURT (CN.XPSC 1.ZS),DCOSC 1.25))
166 CALL TBLCOR CXPZSEG)

CALL wrTLE (lZ#.FALSE.#6)
WRITE 6,SIX)
WRITE (6.99)
DO Zo3 ISEG=I.tS

CALL CHNRT (S(1.ISEG).)P.SCIZS).DCOS(1,25))
266 CALL TBLCOR CXP.ISEG)

RETURN
99 FORMAT C19XSUITH RESPECT TO TOTAL BODY ANATOMICAL AXES*".

a 14X,*SEGa.,16~X..).S1X,ya, 13X.*Z*,e)
END
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SU!ROUTINE EbITBLI READS IN THE HEADER OFF THE DATA SET. PLACING
C IEMS IN APPROPRIATE COMMON AREAS. IT ALSO COMPUTES THE TRANS-
C FORMATION TO T.4E ALTERED GLOBAL AXES SYSTEM. THIS INFORMATION IS
C APPLIED TO THE LANDMARK COORDINATES AND STORED TO LATER BE APPLIED
C CROSS SECTION COORDINATES. ADDITIONALLY THIS SUBROUTINE WRITES
C OUT TABLE 1.
C
C

SUBROUTINE RWTBLI
COMMON 'POINTS' DUM(11166).LMARK(37)
COMMON /NAMES/ ISUB,SEGN~i(25),LMKNM(2,77)
COMMON -FORM/ SEVEN(3)
COMMON 'SECTA' DUMI (666) .NSEOCSC 26)
COMMON 'TRANS' XA.YA.COSR.SINR
REAL LMARK
DATA (SEGNM(J),J:26.ZS) 'ISHR FARM+H *IaML FARMi94

& IGHR THIGH 19SHL THIGH .I9HTORSO lB6HTOT BODY

READ (9.77) hSUB
READ (9.66) (S(GNM(J).NSEGCS(J).X:1.I9)
DO 166 IMRK:l.7G

lee READ (9.99) (LMXNMCJ,IMRK),3:1,Z).CLMARKLJ.IMRK).3:1,3)
XA : LMARKti.54) + LMARKCI.53'))/Z.
YA z LMARKEZ.54) + LMARKCZ.53))/Z.
DELX :LMARK(1,54) - LMARK(1,53)
DELY LMARK(2.53) - LMARKCZ.54)
DASIS z SORTCDELX*02 + DCLY*S2)
COSR z DELYZDASIS
SINR zDELX/DASIS
DO 116 IMRKzl.76

156 CALL rTOM (LMARK(l,IMRK),LMARK(2,IMRtK))
DO 266 3:1.3

266 LMARK(J.77) :(LMARK(J.42) + LMARKC3.43))'2.
LMt(HM(1.P?) : 16H(42 + 43)/"
LMKNM(2,77) z19H2

CALL I4TITLE (I,.rALSE..1)

WRITE (6,66)

DO 366 I:1.36
366 WRITE (6,SEUEH) I LKM3 )312,LAK3 )3X3

WRITE (6,55)
CALL WTITLE cl..TRUE..1)
WRITE (6,66)
DO 466 1:39.77

466 WRITE (6.SEVEN)I.LMN(,)J12.LAR(,,:.3
WRITE (6,55)

RETUqN
55 FORMAT (,,261ZX.sIF X:Y=ZzI.6 THEN POINT WAS NOT OBTAINEDO)
66 rORMAT (30X.*LANDMARKS (UNITS: C.G.S.)*/30X,*WITH RESPECT TO w

MOSLONAL AXESSO',15X,SUS.2?X,SX*.I6X.3YU.1IX.U2O/)
77 FORMAT (46X, 13)
66 FORMAT CSXA16,115)
99 FORMAT (lBX.2AII.3Fl6.2)

END
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SUBROUTINE WT9I3d XS CALLED TO WRITE OUT TABLES 13 AND 14.
C

SUBROUTINE WT9134
COMMON /EIGEN/ TEN(ZS.3.3)
COMMON /AAXES/ DUM!5S4) *DCOSAP(9,ZS)
COMMON /NAMES/ ISUD.SEGNM(25)
REAL NAME

CALL WTITLE (13-.FALSE. .3)
WRITE C6,99)
D0 160 ISEG=1.13

lee CALL. TBLCOS(DCOSAP(1,ISEO).ISEG)
CALL WTITLE (13,.TRUE. *3)

WRITE (6,99)
DO 200 ISEG:14.25

266 CALL TBLCOS (OCOSAP(1,ISEG)-ISEG)

CALL WTrrLE (14. FALSE. *1)
WRITE (6.86)
0O 300 ISEO:1.13

NAME : SEONM(ISEG)
WRITE (6.77)
DO 366 .1,3

WRITE (6.77) NAME. (TEN(ISEG.3.I).I:1.3)
300 NAME z lN

CALL UTITLE (14. .TRUE..l )
WRITE (6.99)
DO 409 ZSEO:14.24

NAME 2 SEGNMCISEG)
WRITE (6.7?)
DO 486 J3:1,3

WRITE (6.77) NM.TNIE..)I13
400 NAME z so"

WRITE (6.G6)
NAME : SEGNMCZS)
WRITE (6.77)
DO 506 1=1,3

WRITE (6.71)NAE TN2J.) 1.3
see NAME : 16N

RETURN
66 FORMAT (..14XOTOTAL BODY*)
77 FORMAT C14XA6.3(F1Z.S.5X))
as FORMAT (16X.SSEOMENT INERTIAL TENSOR AT SEGMENT CENTER OF GRAVITY.

/ 36X.UWITM RESPECT TO GLOBAL AXES*//14X.SEMCNTSO)
99 FORMAT d16X.SDXRCCTION COSINES (ANGLES) OF SEGMENT ANATOMICAL .

I AXESu..ZSX.*WITN RESPECT TO SEGMENT PA AXES*/
£31X.O(RA) : DAG2 tVGP2 CRP)*/ldX..SEGMETS-')

END
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SU!ROUTINE ALIGN COMPUTES THE DIRECTION COSINES Of THE SEGMENT PRIM-
C CPAL AXES SYSTEMS, BY PERMUTING ROWS Or THE MATRIX CONTAINING THE
C DIRECTIONS Or THE PRINCIPAL MOMENTS. THESE ROWS ARE PERMUTTED SO
C THAT THE RESULTING PRINCIPAL AXES SYSTEM HAS THE REST POSSIBLE
C ALIGNMENT WITH THE CORRESPONDING SEGMENT ANATOMICAL AXES SYSTEM.
C THE CHOSEN PERMUTATION IS ALSO APPLIED TO THE PRINCIPAL MOMENT
C VECTOR.
C
C PARAMETERS
C
C DAG--DIRECTION COSINES Or THE ANATOMICAL WITH RESPECT TO GLOBAL AXES
C AXES.
C DPG--INITIALLY THE THREE VECTORS SPECIFYING THE DIRECTIONS Or THE
C PRINCIPAL MOMENTS. AT COMPLETION Or THE ROUTINE THIS IS THE
C DIRECTION COSINE MATRIX Or THE PRINCIPAL W.R.T GLOBAL AXES.
C DAP--DIRECTION COSINES Or THE ANATOMICAL W.R.T. PRINCIPAL AXES.
C PMOM--THE VECTOR Or PRINCIPAL MOMENTS.
C
C

SUBROUTINE ALIGN (DAG.DPG.DAP.PMOM)
REAL DPGC3,3).DAG(3,3),DPA(3,3),PMOM(3) .TMOM(32 *TCOSC3.3).

TC052E3.3).DAP(3,33 .DGA(3.3)
INTEGER COL(3),IN,R.RZ.C,CZ

CALL TRHSP (DAG.DGA)
CALL MATMUL CDPG.DGA.DPA,3)

C FIND LARGEST COSINE IN EACH VECTOR
DO 380 :1,3
COL (3):
DO 3U* K=2,3
IF (ABSCDPAC 3,COLCJ))).GE.A3SCVPAC 3,K))) GOTO 30
COL (3) K

366 CONTINUE
IF CISIGN(COL(l).INT(DPAC 1.1))) .EO.I.AHD. ISIGN(COL(ZINTC

+ DPA( 2.2v).E.Z.AND.ISIO(COL(3).INT(DPA( 3.3) ).EG.3)
* GOTO 366

C DPA IS NOT PROPERLY ALIGNED AND MUST BE ROTATED
IF (COL~l).NE.COLc2).AND.CQL(2).NE.COL(3.AND.COLC3.NE.COL1')
* GOTO 376

C PROBLEM SYSTEM ENCOUNTERED. TWO VECTORS APPEAR TO BELONG IN THE
C SAME ROW OF THE COSINE MATRIX BECAUSE Or ITS ALIGNMENT. THE
C FOLLOWING SECTION FINDS THE BEST POSITIONS FOR THE VECTORS.

IN: I
IF (ABS(DPA( ZCOLC2))).GT.ABS(DPA( I.COL(1)))) IN%2
IF (ABS(DPA( 3,COL(3))).GT.ABSCDPAC IN.COL(IH)))) IN:3
R: IN
CxCOL( IN)
DO So 1:1.3
IF dI.EQ.IN) GOTO 96
DO 196 3:1,3
IF (3.EQ.COL(IN)) GOTO 166
IF CAUS(DPACR.C))LLE.ABS(DPACI,J))) GOTO 106
R: I
C_-3

166 CONTINUE
s6 CONTINUE

R2:CZ:@
116 R2:RZ4I

IF (R2.EG.IN.OR.R2.EQ.R) GOTO 110
126 C2:C2+1

IF (CZ.EQ.COLCIN).OR.CZ.EQ.C) GOTO 126
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COL (R) :CZ
COLC R2) :C
IF tISIGNCCOLCI),INTCDPAC 1.1))).CQ.1.AND.ZSIGN(COLCZ),INT?
* DPA( 2.Z))).EQ.Z.AND. ZSIGN(COL(3). INT(DPA( 3.3) )).EQ.3)

+ GO1O 361
C TR~ANSFER VECTORS TO PROPER POSITION IN MATRIX C ROTATE M~ATRIX)
371 00 415 3=1,3

Tt10fl3)zPlOl 3)
DO 415 K=1,3
TCOSZ(3. K) :DPGC3.K)

415 TCOS(3,K)=DPA( 3,K)
D0 431 J=1.3
PpqOM( COLC3)tflomcJ)
D0 430 K=1,3
DPGCCOLC3),K):TCOSa(jK)aSIGNC1. -TCOS CS.COL3l))

436 DPA( COLC3),K):TCOS(3,K)wSIGN(1..TCOS( I.COL(3)))
366 CALL TRNSP (DPAoDAP)

RETURN
END
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SUBROUTINE COMBI CONTROLS THE COMBINATION OF PRINCIPAL MOM1ENTS P14D
THEIR DIErOSFRCOMBINED SEGMENTS FROM THEIP ELF EtITAL SFG--

C MENTS.
C
C

SUBROUT INE COM 3MI
COMMON /EIGEN, TENeZS,3,3)
DO 16 NOSE =26925

DO 16 1:1,3
DO to J:1.3

Is TEN(NOSE,I,.3 z 0.

DO 100 NOSE=7,S
too CALL TUOD(NOSE,20)

DO 266 NOSEZ1I.11
ass CALL TBOD(NOSE,21)

DO 366 NOSE:12.13
300 CALL TSOD(NOSE,2Z)

DO 409 NOSEz16,17
400 CALL TBOD(NOSE,23)

DO 566 NOSEz3.S
Sao CALL TBOD(NOSE.24)

DO 666 NOSC:1.19
see CALL TBOD(NOSE,25)

DO 766 NOSE=Z8.25
766 CALL CIGEN (NOSE)

RETURN
END

C SUBROUTINE TBOD IS CALLED BY SUBROUTINE COMI TO ADD THE INERTIAL
C TENSOR FOR SEGMENT NOSEI TO THE INERTIAL TENSOR Of SEGMENT NOSCO
C BY USC OF THE PARALLEL AXIS THEOREM.
C
C

SUBROUTINE TUOD CNOSEI,NOSEO)
COMMON /1' XYZCG(25.3).UOL(25)
COMiMON /EIGEN/ TEN(25,3,3),EIGVEC(ZS.3,3) ,EGR(25.3)
DIMENSION ABCG(3)

DO 160 1=1,3
166 A3COCI) zXYZCGCNOSEI.I) - XYZCGCNOSEOI)

D0 366 1:1.3
DO 360 3=1,3

IF CIE.)GOTO 266
RN 2 -ABC8(I)*A9Cs(3)
GOTO 366

236 IF (I - 2) 225.250.275
225 RN z ABCO(Z)**2 + ABCU(3)**Z

GOTO 306
256 RN ABC9(1)**Z + ABCS(3)S*2

275 RN ABCUCI)**2 + A3CC2)*s2
369 TENCNOSEO.Is3) z TENCNOStO*I*J3 TENCNOSEX.r#Z)

16 + UOLCNOStI)*RN
RETURN
END



SUBROUTINE EIGEN WAS WRITTEN BY MEMBERS OF THE AFAMRL/BBM. IT IS
C INCLUDED HERE SINCE IT IS CALLED BY SUBROUTINE COMBI.

C
C

SUBROUTINE EIGEN(NOSE)
COMMON/EIGEN/ TEN(ZS,3,3),EIGUC(ZS,3,3),EIGR(ZS.3)
DIMENSION A(3,3),Z(3,3),D(3),DD(3),wR(3)oWI(3)

I ZN THE FOLLOWING SUBROUTINE. EIGENUALUES AND EIGENUECTORS OF A REAL
* MATRIX ARE COMPUTED. THIS IS ACCOMPLISHED BY FIRST CALLIHO EBALAF
* TO PRECONDITION THE FULL MATRIX. THE RESULTANT MATRIX IS THN

* REDUCED TO UPPER HESSENBERG FORM BY CALLING EHESSF. EHBCKF IS
* THEN CALLED WITH THE IDENTITY MATRIX AS INPUT TO OBTAIN THE

* TRANSFORMATION MATRIX PRODUCED IN CHESSF WHICH REDUCED THE GENERAL

* MATRIX TO HESSENBERO FORM. THIS TRANSFORMATION MATRIX AND THE

* HESSENBERG MATRIX ARE THEN INPUT TO EGRH3F TO OBTAIN EIGENUALUES

AND EIGENVECTORS OF THE HESSENBERG MATRIX. A CALL TO EB:CKF
* BACKTRANSFORMS THE EIGENUECTORS OF THE BALANCED MATRIX TO FORM THE

* EIGENVECTORS OF THE ORIGINAL MATRIX.

DO 18 1:1,3
DO 5 J:1,3

5 A(I,): TEN(NOSEI,J)

10 CONTINUE
N: 3
MM: 3
IA: 3
IZ: 3

- BALANCE MATRIX A PRIOR TO EIGENVALUE COMPUTATIONS
CALL EBALAF(A,N, IA. D,K,L)

* REDUCE BALANCED MATRIX A TO HESSENVERG FORM

CALL EHESSF(A,K.L.N,IA.DD)
* SET Z TO THE IDENTITY MATRIX

DO ZO I:.N

DO 15 3:14N
:(!,I)= 0.0

is CONTINUE

Z(CI): 1.0

Z9 CONTINUE
* BACKTRANSFORMATION OF UPPER HESSENGERG MATRIX TO ITS ORIGINAL FORM

CALL EHBCKF(ZA.DD,N.MM,IA,KL)
* COMPUTE ALL EIGENUALUES OF A HESSENBERG MATRIX. THE VECTORS

* WR AND WI OF LENGTH N CONTAIN THE REAL AND IMAGINARY PARTS OF THE

* EIGENVALUES. RESPECTIVELY. ON OUTPUT THE N BY H MATRIX Z CONTAINS
* THE REAL PARTS oF THE EIGENuECTORS.

CALL EQRH3F(AN, IA,K,LWR,WIZ,IZ,IER)
* BACKTRANSFORMATION OF THE CIGENUECTORS OF THE BALANCED MATRIX TO
a THOSE OF THE ORIGINAL INPUT MATRIX.

CALL EBBCKF(DZ,KLMMNIZ)

DO 30 1:1,3
DO 25 3:1,3

25 CIGVEC(NOSE, I,J) Z(tI)

30 CONTINUE

DO 79 1:1,3

79 EIGR(NOSE,I): MR(U )

RETURN

END
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. SUBROUTINE WTDL34 IS CALLED TO WRITE OUT TABLES 3 AND 4.
C
C

SUBROUTINE WTDL34
COMMON EIZGEN/ TEN(ZZS), EIGUEC(25.9).EIGR(2S.3)
COMMON /NAMES' ISUB-SEGNMC25)
REAL DCOS(9)

CALL WTITLE (3, .FALSE. ,Z)
WRITE (6.99)
Do too ISEGZ1.24

IF C(ISEG-1)/'3*3.ED.ISEG-I) WRITE (6.66)
Le8 WRITE (6.06) SEONM(ISEG).(EIGRCISEG.j).J:2.3)

WRITE (6,77)
WRITE (6,68) SEGNM(ZS),(EIGR(Z5.3).J=I.3)
WRITE c6.55)

CALL WTITLE (4. .FALSE..1)
WRITE (6,66)
DO 206 ISEGzI.13

DO 196 Jzl,9
ISO DCOS(3) =EIGVEC(ISEG.J)
266 CALL TBLCOS (DCOSISEG)

CALL WTtTLE (4,.TRUE. .1)
WRITE (6,66)
DO 369 IsEG:14.2S

D0 Z90 3:1,'9
296 DCOSC3) =EIGVEC(ISEG,3)
306 CALL TILCOS (DCOSISEG)

RETURN
55 FORMAT ("'1X.ASSIGNED ACCORDING TO SEGMENT ANATO. AXES-)
66 FORMAT (.lX.mDIRECTION COSINES (ANGLES) 0f SEGMENT PRINCIPAL AXES*

& /39X,SWITM RESPECT TO GLOBAL AXES*/34X.OCRP) = CDPG3 (RG)s
& /Idx. sSCGMENTSA')

77 FORMAT (//14X.STOTAL BODY*/)
as rORMAT (I4XA0,3(F716.0IX))
99 FORMAT (16X.SSEGMENT PRINCIPAL MOMENTS OF INERTIA (UNITS: C.G.S.)*

I 131XS(PM) : DPG3 (16) CDGP31",/I5X.wNAME.4X,5HIPx S

& 16X.SHIPY S.12X.SNIPZ a//14X,*SEGMENTS=)
END

C SUBROUTINE F70M IS USED TO CONVERT X.Y COORDINATES TO THE ADJUSTED
C GLOBAL AXES SYSTEM.
C
C

SUBROUTINE FTOM (X7.Y7)
COMMON /TRANS/, XA,YA,COSR.SINR

xe z xr - xA
YO z YF - YA
Kr : COSR*Xe + SZNRBve
YF :-SIMR*XS + COSR*YS
RETURN
END
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APPENDIX I
SAM4PLE OF RESULTS CALCULATED BY PROGRAMA IMPED

TABLE 4 1 SUBJECT 11 GLOBAL AXES

LANDMARKS (UNITS: C.G.S.)
WI1TH RESPECT To GLOBAL AXES

1 NUCHALE -16.73 .22 156.65
2 CERVICALE -15.21 .27 147.42
a LEFT ACROMIALE -1A.52 18.82 139.72
4 RIGHT ACROMIALE -12.77 -18.43 139.49
5 LEFT P01 SCYC -19.34 L5.30 123.63
6 RIGHT POS SCYC -17.72 -15.56 128.41
7 16TH RIBMIDSPINE -16.58 .45 119.13
8 P05 SUP ILIAC MS -1833 .31 161.12
9 L MED HUM EPICON -6.39 19.25 113.15
18 Rt MED HUM EPICON -6.40 -18.56 116.12
11 L LAT HUM EPICON -14.39 23.33 169.89
12, R LAT HUM tPICON -12.33 -23.65 189.16
13 LEFT OLECRANON -13.96 19.68 193.79
14 RIGHT OLECRANON -11.43 -19.96 137.97
Is LEFT RADIALE -13.76 23.83 166.06
Is RIGHT RADIALE -12.84 -23.67 197.1?
17 L. GLUTEAL FOLD -19.79 7.56 77.81
113 ft GLUTEAL FOLD -19.95 -8.87 77.71
1s L ULNAN STYLOID -11.32 31.37 65.27
20 Rt ULNAR STYLOID -6.79 -31.86 34.37
21 L RADIAL STYLOID -11.63 37.33 36.53
22 Rt RADIAL STYLOID -6.66 -36.68 36.14
23 L METACARPALE 11 -11.92 41.17 79.12
24 Rt METACARPALE 11 -7.4? -41.33 79.19
25 L METACARPALEIII -12.31 31.11 77.35
26 R METACARPALEIZI -7.36 -33.24 77.6
27 L METACARPALE V -9.24 32.26 77.97
as Rt METACARPALE V -5.73 -23.46 77.21
29 LEFT DACTYLION -16.29 46.59 67.99
36 RIGHT DACTYLION -5.45 -41.44 67.65
31 L P05 CALCANEUS -26.81 12.62 1.22
32 ft P03 CALCANEUS -26.74 -12.57 1.21
33 HEAD CIRC .42 .539 165.63
24 SELLION .98 .77 161.99
35 L INFRAOR3ITALE -.73 4.33 1661.21
36 ft INFRAORVITALE -.63 117 163.12
37 LEFT TRAGION -8.14 7.57 158.14
38 RIGHT TRAGION -7.77 -6.75 153.63

IF X:VzZ=0,I THEN POINT WIAS NOT OBTAINED
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TABLE I 1 (CONTINUED) SUBJECT 11 GLOBAL AXES

LANDMARKS (UNITS: C.G.S.)
WITH RESPECT TO GLOBAL AXES

39 LEFT GOHION -7.63 6.8 153.16
46 RIGHT GONION -6.63 -5.19 153.16
41 MID THYROID CART -4.51 .62 146.65
42 LEFT CLAUICALE -5.66 3.34 142.3
43 RIGHT CLAVICALE -4.31 -2.13 142.76
44 SUPRASTERNALE -4.12 .66 141.59
45 LEFT ANT SCYt -7.41 16.13 123.Z
46 RIGHT ANT SCYC -5.96 -15.12 120.42
47 LEFT BUSTPOINT 5.62 16.57 125.64
48 RIGHT BUSTPOINT 6.64 -6.51 124.75
49 LEFT 10TH RID -9.67 13.10 109.11
56 RIGHT 1TH RIB -9.35 -12.72 196.96
51 L ILIOCRISTALE -6.63 15.31 184.91
52 R ILIOCRISTALE -6.66 -14.26 166.39
53 LEFT ASIS .66 12.67 94.72
54 RIGHT ASIS .66 -12.67 95.27
55 SYMPHYSION 1.60 .37 86.95
56 L TROCHANTERION -3.14 17.85 8.1
57 R TROCHANTERION -9.16 -i.30 39.67
5 L LAT FEM CONDYL -13.66 14.51 46.81
59 R LAT FEN CONDYL -11.96 -15.32 46.67
66 L MED FEN CONDYL -14.47 3.23 47.36
61 R NED FEM CONDYL -12.13 -3.9S 47.29
62 LEFT TIDIALE -13.23 5.16 44.33
63 RIGHT TIBZALE -11.56 -5.57 44.23
64 LEFT FIBULARE -16.13 15.14 44.31
65 RIGHT FIBULARE -13.39 -15.69 44.53
66 L LAT MALLEOLUS -16.16 15.72 7.24
67 R LAT MALLEOLUS -16.74 -15.21 7.66
66 LEFT SPHYRION -12.76 13.61 6.71
69 RIGHT SPHYRION -13.23 -9.33 6.31
70 L METATARSAL I -2.34 9.45 2.33
71 R METATARSAL 1 -1.92 -S.11 Z.2?
72 L METATARSAL U -4.69 18.57 .96
73 R METATARSAL U -4.69 -18.@6 .66
74 LEFT TOE It 3.71 13.78 .12
73 RIGHT TOE II 4.84 -13.9z .46
71 CROTCH SENSOR -5.33 .67 79.21
77 (42 + 43)/2 -4.95 .66 142.36

IF X:Y:Z:6.8 THEN POINT WAS NOT OBTAINED
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TABLE 0 2 SUBJECT 11 GLOBAL AXES

VOLUME AND CENTER OF GRAITY (UNITS: C.G.S.)
WITH RESPECT TO GLOBAL AXES

NAME VOLUME X VOL. X C.G. Y C.G. Z C.G.

SEGMENTS

HEAD d158.8 5.53 -8.59 .19 162.32
NECK 851.2 1.13 -9.17 .33 158.25
THORAX 20794.7 27.59 -9.49 .36 126.31

ABDOMEN 869.3 1.68 -7.61 .17 167.41

PELVIS 11309.7 15.67 -6.96 -. 8 97.Z8
RU ARM 1827.1 2.43 -10.66 -19.16 122.Z7

RF ARM 1044.9 1.39 -8.46 -26.94 98.52
R HAND 426.8 .57 -6.43 -36.91 88.51
LU ARM 1755.6 2.34 -12.57 19.68 123.34

LF ARM 1168.0 1.48 -11.83 27.47 99.54
L HAND 414.4 .55 -18.11 37.63 66.44
R FLAP 4456.9 5.94 -18.46 -9.79 64.71

R THI-F 6529.5 8.70 -10.23 -9.6Z 66.22
R CALF 3689.6 5.68 -15.47 -11.54 31.83
R FOOT 79Z.1 1.66 -9.85 -IZe 2.64

L FLAP 4666.1 5.34 -19,96 9.17 64.52
L THI-F 6463.9 8.61 -11,24 9.12 66.85
L CALF 3754.4 5.66 -17,66 11.21 31.76

L FOOT 619.2 1.09 -9.65 13.20 2.64
R FARM.H 1478.9 1.96 -7.87 -29.83 93.31
L FARM.H 152Z.4 2.63 -16.78 36.67 94.34

R THIGH 10966.3 14.64 -18.32 -9.69 73.72
L THIGH 16472.6 13.96 -11.11 9.14 73.12
TORSO 32623.6 43.74 -9.Z6 .16 115.01

TOTAL BODY

TOT BODY 75635.3 166.66 -18.46 -. 06 95.21
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TABLE N 3 SUBJECT 11 PRINCIPAL AXES

SEGMENT PRINCIPAL MOMENTS OF INERTIA (UNITS: C.G.S.)
(PM) CDPG (1G) CDGP3

NAME IPXa IPYs IPZ

SEGMENTS

HEAD 194675. 218756. 141101,
NECK 12211. 15539. 17158.
THORAX 3324355. 2720775. 2139169.

ABDOMEN 41754. 23441. 64332.
PELVIS 10866660. 744762. 1277766.
RU ARM 123687. 128131. 22251.

RF ARM 48546. 46825. 8488.
R HAND 11754. 9956. 2971.
LU ARM 189668. 114634. 22674.

LF ARM 56638. 54392. 9245.
L HAND 18929. 9168. 2688.
R FLAP 172222. 229178. 294636.

R TNI-F 592142. 616904. 254951.
R CALF 469676. 493872. 66630.
R FOOT 6478. 30631. 36976.

L FLAP 145481. 195299. 251655.
L THI-F $96152. 696791. 249876.
L CALF 486414. 484867. 65156.

L FOOT 6858. 31638. 32535.
R FARM H 189613. 186485. 11479.
L rARM+H 265136. 261561. 12869.

R THIGH 1662969. 174838. 55288.
L THIGH 1577395. 1649121. 586953.
TORSO 16663183. 9748355. 3508529.

TOTAL BODY

TOT BODY 115359667. 167614476. 1251667.

* ASSIGNED ACCORDING TO SEGMENT ANATO. AXES

144



TABLE N 4 SUBJECT 11 GLOBAL AXES

DIRECTION COSINES (ANGLES) OF SEGMENT PRINCIPAL AXES
WITH RESPECT TO GLOBAL AXES

(RP) = [DPG3 (RG)
SEGMENTS

HEAD .76096( 46.5) .12819( 93.1) .6375G( 50.4)

-. 14456( 98.3) .98946( 8.4) -. 8139( 96.9)
-. 63248(129.2) -. 98153( 94.7) .?727( 39.6)

NECK .83591( 33.4) .11315( 83.5) -. 53847(122.6)

-12995.9) .99349( G.5) .05946(897.1)

.54668( 57.3) .91294( 99.3) .84113( 32.7)

THORAX .97543C 12.7) .92130C 83.8) .21926( 77.3)
-. 61333( 96.8) .9998Z( 2.3) -. 93777( 92.2)
-. 21989(162.7) .83392( 88.1) .97494( 12.9)

ABDOMEN 1.6006( .1) -. 0019G( 99.1) -. 8053( 99.9)
.09186( 99.9) 1.608( .1) .8044( 96.0)
.60053( 96.9) -.9044( 99.6) 1.06000( .8)

PELUIS .94940( 18.3) -. 8369G( 92.1) .31190( 71.8)
.6469C 87.7) .99914( 2.4) -. 9866Z( 98.4)

-. 31146(18.1) .1874( 89.9) .95618( 18.2)

RU ARM .98806( 8.9) -. 06619( 93.9) .13806( 82.1)
.86193( 85.3) .99196( 7.3) -. 69645( 95.5)

-. 1303Z( 97.5) .19666C 83.9) .995?2( 9.7)

RF ARM .93579( 29.6) -. 29959(166.9) .1991( 78.5)
.34984( 69.5) .83555( 33.3) -. 42364(115.1)

-. 04388( 92.5) .46633( 62.2) .86352( 27.9)

R HAND .99428( 6.1) .95815c 86.7) .8957C 84.9)
-.01254( 90.7) .69650( 26.3) -. 44287(116.3)
-. 1686( 96.1) .43921( 63.9) .89219( 26.9)

LU ARM .95379( 17.5) .2576G( 75.1) .15564( 91.9)
-. 27312(105.9) .95755( 16.8) .89224( 84.7)
-. 12532( 97.2) -. 13049( 97.5) .98356( 19.4)

LF ARM .92231C 22.7) .35040C 69.5) .16297( 88.6)
-.36637(112.7) .82775C 34.1) .40GSG( G6.9)
.06768( 89.6) -.43824(116.6) .89993( 26.9)

L HAND .99951( 1.8) .61329( 39.2) .8293( 83.4)
-.02297( 91.3) .92323( 21.6) .37130( 66.2)
-.82139( 91.2) -.37177(111.8) .92896( 21.9)

R fLAP .90955C 9.3) -. 14943( 96.2) .02234C 86.7)
.14366C 61.7) .96145( 16.0) -. 23445(183.6)
.91192c 9.3) .23521( 76.4) .97197( 13.6)

R THI-7 .96793c 8.9) -. 8155( 91.1) -. 15446( 96.9)
.02596c 09.5) .99968( 3.8) .64614C 07.4)
.15336( 61.2) -. 84959( 92.8) .99692( 9.3)
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TABLE X 4 (CONTINUED) SUB3ECT 11 GLOBAL AXES

DIRECTION COSINES (ANGLES) OF SEGMENT PRINCIPAL AXES
WITH RESPECT TO GLOBAL AXES

(RP) zCDPG3 (RG)
SEGMENTS

R CALF .96478( 15.3) .24995( 75.6) -. 08473( 94.9)
-.25376(184.7) .96596( 15.0) -105020( 9Z.9)
.86935( 86.0) .06993( 86.8) .99514( 5.7)

R FOOT .98865( 8.6) -.85376( 93.1) -. 14838( 98.1)
.11497( 83.4) .87187( Z9.3) .47666( 61.6)
.89673( 84.4) -. 48678(119.1) .86815( 29.8)

L FLAP .96868( 14.4) .Z44Z6( 75.9) .84628( 87.3)
-. 24835(184.4) .94212( 19.6) .22523( 77.8)
.01141( 89.3) -. 22965(103.3) .97321( 13.3)

L THI-F .95367( 17.5) .2635( 73.1) -. 21892(182.6)
-. 2964(192.1) .97774( 12.1) .06830( 89.5)
.21578( 77.5) .03796 87.8) .97571( 12.7)

L CALF .99759( 4.1) -. 6481t 93.7) -. 82014( 91.6)
.06725( 86.1) .99306( 6.8) .09649( 84.5)
.02169C 8.9) -. 69814( 95.6) .99494( 5.8)

L FOOT .99033( 8.0) .04855( 97.2) -. 12995( 97.5)
-. 1693( 95.8) .89481( 26.5) -. 43489(115.8)
.69516( 84.5) .44381( 63.7) .69106( Z7.6)

R FARM.H .98252( 16.7) -. 16458( 96.6) .15396( 81.1)
.16492( 86.5) .87264( 29.2) -. 45966(117.4)

-. 80629( 95.0) .47784( 61.5) .87464( 29.0)

L FARM+H .97169( 13.7) .19741( 79.6) .12986( 82.5)
-. 23437(163.6) .87475( 29.9) .42413( 64.9)
-.82962( 91.7) -. 44253(116.3) .8962S( 26.3)

R THIGH .99286C 6.8) -. 11218( 96.4) -. 84667( 92.3)

.11344( 83.5) .99389( 6.7) .03942( 88.3)

.83639( 87.9) -. 93473( 92.6) .99873( 2.9)

L THIGH .9742S( 13.0) .2874?( 78.0) -. 90924( 95.1)
-. 26994(162.1) .97796( 12.1) -. 99774( 96.4)
.49468( 65.1) ,A2597( 66.5) .99697( 5.1)

TORSO .99963( Z.5) -. 80916( 96.8) .84480( 67.5)
.60075( 96.6) .99969( .8) -. 91460( 96.8)

-. 84399( 92.5) .91462( 89.2) .99692( 2.7)

TOTAL BODY

TOT BODY .99838( 3.3) .64292( 67.5) -.63754( 92.2)
-. 64299( 92.5) .99967( 2.5) -. 6387C 96.2)
.63734( 67.9) .60547( 89.7) .99929( 2.2)
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TABLE 4 5 SUBJECT 1it GLOBAL AXES

ORIGIN OF SEGMENT ANATOMICAL AXES
WITH RESPECT TO GLOBAL AXES

SEG X Y z

HEAD -7.96 .55 150.62
NECK -15.21 .27 147.42

THORAX -16.56 .45 199.13
ABDOMEN -9.66 .45 169.65

PELUIS .66 -.12 95.36
RU ARM -12.77 -10.43 139.49

Rr ARM -12.64 -23.67 167.1?
R HAND -6.81 -26.12 76.44

LU ARM -14.52 16.62 139.72
LF ARM -13.76 23.63 166.6

L HAND -16.35 38.19 70.69
R FLAP -9.16 -16.36 69.6?

R TNI-F -9.16 -16.36 69.6?
R CALF -11.56 -5.57 44.26

R FOOT -2.26 -t3.73 1.46
L FLAP -6.14 17.85 66.61

L THX-F -6.14 17.65 66.81
L CALF -13.23 5.16 44.33

L FOOT -2.55 13.6Z 1.71
R FARM4.H -12.64 -23.57 167.1?

L FARM+H -13.76 23.63 166.6
R THIGH -9.16 -16.36 69.37

L THIGH -6.14 17.65 88.1
TORSO .66 -.12 95.66

TOTAL BODY

TOT BODY .66 .1 95.66

147



TABLE 0 6 SUBJECT 11 GLOBAL AXES

DIRECTION COSINES (ANGLES) OF SEGMENT ANATOMICAL AXES
WITH RESPECT TO GLOBAL AXES

(RA) = CDAG3 (RG)
SEGMENTS

HEAD .96424( 16.2) .92465( 8.6) .17512( 79.9)
-. 2553( 91.5) .99967( 1.5) .8279( 89.8)
-. 17566(o66.1) -. 96722( 96.4) .98454( 16.1)

NECK .91117( 24.3) .63222( 9.2) -. 41977(114.3)
-. 63263( 91.9) .99945( 1.9) .0606( 09.7)
.41874( 65.7) .0793( 9.5) .91172( 24.3)

THORAX .9999s( 2.6) .83296( 8.1) -. 03487( 92.8)
-. 03279( 91.9) .99945( 1.9) .9572( 09.7)
.83504( g6.6) -. 86457( 99.3) .99938( 2.)

ADDOMEN .99266( 6.9) .6066S( 9.6) .12996( 83.1)
-. 00667( 99.6) .99999( .3) .00504( 09.7)
-. 1Z996( 96.9) -.6056C 96.3) .99264( 7.6)

PELUIS .97575( 12.6) .80475( 9.7) .219s( 77.4)
.:6::(196.6) .99976( 1.2) -. 2169( 91.2)
-21696(162.6) ,2117 6.o6) ,97552( 12.7)

RU ARM .67432( 47.6) -. 72661(136.6) .13495( 82.2)
.73936( 42.4) .66639( 48.2) -. 18499( 96.6)

-.81436( 96.6) .169838.2) .96537( 9.6)

Rf ARM .99672( 7.8) .87124( 65.9) .11575( 83.4)
-. 6276( 91.6) .93955( 29.) -. 34129(110.0)
-. 13397( 97.6) .33492c 76.4) .93286c 21 1)

R HAND .96619( 14.5) -. 17441(106.) .17943( 79.?)
21572( 77.5) .94514( 19.1) -. 24539(164.2)

-,1268( 97.3) .27629( 74.6) .95276( 17.7)

LU ARM .62612( 51.2) .76649C 39.6) .13192( 82.4)
-. 77972(141.2) .61799( 51.6) .18066( 64.2)
-.96416( 96.2) -. 16569( 99.5) .98614C 9.6)

LF ARM .99266( 7.6) .83139. 66.2) .11731( 83.3)
-. 5632( 93.6) .94934( 18.3) .30716( 72.1)
-. 19173( 95.6) -. 31267(169.2) .94440C 19.2)

L HAND .97591( 12.6) .21293( 77.6) B5321( 66.9)
-.2173(162.6) .96596( 15.6) .14643( 91.9)
-. 02162( 91.2) -. 14861( 96.5) .96966( 6.6)

R FLAP .99766( 3.9) .997( 69.5) -. 06771( 93.9)
-. 86462( 99.2) .99723( 4.3) .07436( 85.7)
.86829( 66.1) -. 07306( 94.2) .99493( 5.6)

R THI-F .99766( 3.9) .66997C 69.5) -. 86771( 93.9)
-. 80492( 96.2) .99723( 4.3) .67436( 65.7)
.66629( 66.1) -. 07396( 94.2) .99493( 5.9)
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TABLE 0 6 (CONTINUED) SUBJECT 11 GLOBAL AXES

DIRECTION COSINES (ANGLES) OF SEGMENT ANATOMICAL AXES
WITH RESPECT TO GLOBAL AXES

(RA) CDAG (MG)
SEGMENTS

fR CALF .87898( 29.4) -.49127(119.4) .00697 89.6)
.49936( 66.7) .86616( 39.8) -. 13146( 95.8)

.94382( 97.5) .09130( 84.7) .99491( 5.8)

R FOOT .99796( 3.7) -.86212( 93.6) .01445( 89.2)
.058568886.6) .98391 11.3) .16076( 80.3)

-.92476( 91.4) -. 16751( 99.6) .98556( 9.7)

L FLAP .99974( 6.2) -. 84264( 92.4) -. 13657( 97.8)
.83923( 0.3) .99571( 5.3) -. 8742( 95.0)
.13966C 62.6) .69239( 85.3) .93677( 9.3)

L THI-F .96974( 6.2) -. 84264( 92.4) -. 13657( 97.8)
.83323( 36.3) .99571( 5.3) -. 09742( 95.6)
.13966( 82.8) .09239( 85.3) .936771 9.3)

L CALF .GS96( 31.1) .51114( 59.3) .07792( 85.5)
-. 51685C121.1) .84996( 31.6) .192101 64.1)
-. S1464( 90.6) -. 1276( 97.3) .99172( 7.4)

L FOOT .9991S( 3.5) .65462( 06.9) .02673( 66.5)
-. 85812( 92.9) .96737( 8.9) -. 14699C 98.5)
-. 63444( 92.6) .14538( 81.6) .90078( 8.6)

R FARM.H .99107V 7.8) .87124( 65.9) .it$75 83.4)
-.62?1g6 91.8 .93935( 29.6) -.34129(113.0)
-. 13397( 97.6) .33492( 73.4) .93zESt 21.1)

L FARM+H .99268( 7.0) .93139C 68.2) .11731C 83.3)
-. 06632( 93.8) .94934( 18.3) .38716( 72.1)
-. 10173C 95.8) -. 31267(199.2) .94440( 19.2)

R THIGH .99766( 3.9) .96907( 89.5) -. 06771( 93.9)
-. 00462( 96.Z) .99723( 4.3) .07436t 85.7)
.060S( 6.1) -.07336C 94.2) .994931 5.8)

L THIGH .9S974( 6.2) -. 642641 92.4) -. 13657( 97.8)
.93923( 66.3) .99571C 5.3) -. 8742c 95.8)
.13966( 82.6) .362391 65.3) .90976M 9.3)

TORSO .97575( 12.6) .60475( 39.7) .2189( 77.4)
.Uiili4 96.0) .99676( 1.2) -.02169( 91.2)

-.2189(1182.6) .02117( 8.6) .975521 12.?)

TOTAL BODY

TOT BODY .97575( 12.6) .60475C 39.7) .21985( 77.4)
.10101V 9.6) .09976( 1.2) -.02169( 91.2)

-. 219910(102.6) .62117( 36.3) .97552( 12.7)
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TABLE V 7 SUBJECT 12 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

UX Y Z

AXES DEFINITION POINTS SEGMENT HEAD

37 LEFT TRAGION -.98 7.28 -3.57
38 RIGHT TRAGION -2.45 -6.94 -2.66
36 R INPRAORUITALE 4.66 -1.14 -6.73

37 LEFT TRAGION -.96 7.28 -3.57
38 RIGHT TRAGION -2.45 -6.94 -2.66
34 SELLZON 7.15 -.81 -6.35

LANDMARKS

1 NUCHALE -9.84 1.29 .61
34 SELLION 7.15 -.81 -6.35
36 R INFRAORSITALE 4.66 -1.14 -6.73
37 LEFT TRAGION -. 98 7.28 -3.57
39 RIGHT TRAGION -2.45 -6.94 -2.66
39 LEFT GONION -3.99 5.65 -6.56
40 RIGHT GONION -5.14 -5.45 -7.73

ANATOMICAL SYSTEM ORIGIN
a -1.78 .31 -3.12

AXES DEFINITION POINTS SEGMENT NECK

41 MID THYROID CART 5.75 -. 36 -. 34
2 CERVICALE -3.53 .41 -5.65
44 SUPRASTERNALE 8.91 -.62 -4.55
77 (42 + 43)/2 7.57 -.54 -3.99
2 CERJICALE -3.53 .41 -5.65
2 CERUICALE -3.53 .41 -5.65

LANDMARKS

1 NUCHALE -9.92 .99 1.26
2 CERUICALE -3.53 .41 -5.65

39 LEFT GONION .89 5.56 3.62
48 RIGHT GONION -. 24 -5.58 3.64
41 MID THYROID CART 5.75 -. 36 -. 34
42 LEFT CLAUICALE 7.75 2.23 -4.18
43 RIGHT CLAUICALE 7.39 -3.27 -3.96
44 SUPRASTERNALE 9.91 -. 62 -4.55

ANATOMICAL SYSTEM ORIGIN
8 -3.53 .41 -5.65
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TABLE N 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

UX Y z

AXES DEFINITION POINTS SEGMENT THORAX

44 SUPRASTERNALE 8.59 -. 26 13.732 CERUICALE -.95 -. 75 21.94

7 1TH RIDMIDSPINE -1.90 .93 -16.15
2 CERUICALE -.95 -.75 21.84
7 10TH RIBMIDSPINE -13.93 .93 -16.15
7 LOTH RIDMIDSPINE -16.96 .93 -16.15

LANDMARKS

2 CERUICALE -. 95 -. 75 21.84
3 LEFT ACROMIALE -1.57 18.06 14.61
4 RIGHT ACROMIALE -. 71 -L9.16 12.94
S LEFT POS SCYE -6.73 15.03 4.94
6 RIGHT POS SCYE -7.93 -15.33 3.32
7 1TH RISMIDSPINE -10.96 .93 -16.15

42 LEFT CLAUICALE 7.96 2.36 15.2s
43 RIGHT CLAUICALE 6.12 -3.11 14.93
44 SUPRASTERNALE 6.59 -. 28 12.73
45 LEFT ANT SCYK 2.79 13.72 1.99
46 RIGHT ANT SCYC 3.63 -15.53 .75
49 LEFT 1TH RIB -3.39 13.44 -16.42
56 RIGHT 16TH RIB -2.65 -12.35 -17.42

ANATOMICAL SYSTEM ORIGIN

a -16.96 .92 -16.15

AXES DEFINITION POINTS SEGMENT ABDOMEN

49 LEFT ITH RIB -1.43 12.93 1.76
so RIGHT 1OTH RID -1.43 -12.38 1.58
7 1OTH RIDBIDSPINE -6.97 .27 .72

49 LEFT 1OTH RID -1.48 12.93 1.76
53 RIGHT 16TH RIB -1.43 -12.66 1.53
7 1OTH RID"IDSPINE -6.97 .27 .72

LANDMARKS

7 1OTH RIDMIDSPINE -0.9? .27 .72
6 POS SUP ILIAC MS -16.75 -. 17 -6.29

49 LEFT 16TH RID -1.40 12.93 1.76
56 RIGHT LOTH RID -1.42 -12.36 1.56
St L ILIOCRISTALE -1.24 15.14 -2.S5
52 R ILIOCRISTALE -1.02 -14.43 -1.61

ANATOMICAL SYSTEM ORIGIN
6 -1.46 .23 1.64

151



TABLE 4 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH R7SPECT TO SEGMENT PA AXES

U X Y

AXES DEFINITION POINTS SEGMENT PELVIS

53 LEFT ASIS 7.Z6 13.13 -4.91
54 RIGHT ASIS 3.37 -12.Z -4.86
55 SYMPHYSION 7.01 .96 -13.8
53 LEFT ASIS 7.26 13.13 -4.9.
54 RIGHT *S1S 8.37 -12.28 -4.86
8 POS SUP ILIAC MS -7.74 -. 32 6.56

LANDMARKS

S POS SUP ILIAC MS -7, 4  -. 32 6.56
51 L ILIOCRISTALE 1.96 15.34 7.57
Sz R ILIOCRISTALE 3.68 -14.Z 6.37
53 LEFT ASIS 7.26 13.13 -4.91
54 RIGHT ASIS 6.37 -12.Z -4.6
55 SYMPHYSION 7.01 .96 -13.66
56 L TROCHANTERION -2.56 19.66 -7.96
57 R TROCHANTERION -1.66 -13.2s -7.25

ANATOMICAL SYSTEM ORIGIN
a 7.82 .34 -4.89

AXES DEFINITION POINTS SEGMENT RU ARM

4 RIGHT ACROMIALE .Z4 -1.16 17.33
1 R MED HUM EPICON 2.64 2.41 -15.72
12 R LAT HUM EPICON -3.15 -3.33 -13.19
4 RIGHT ACROMIALE .24 -1.16 17.33
12 R LAT HUM EPICON -3.15 -3.39 -13.19
4 RIGHT ACROMIALE .Z4 -1.18 17.33

LANDMARKS

4 RIGHT ACROMIALE .24 -1.16 17.33
6 RIGHT POS SCYE -6.37 2.39 7.35
1 R MED HUM EPICON 2.64 2.41 -15.72
1z R LAT HUM EPICON -3.15 -3.33 -13.19
14 RIGHT OLECRAMNON -2.76 1.62 -13.96
16 RIGHT RADIALE -3.15 -3.13 -15.19
46 RIGHT ANT SCYC 5.27 3.66 5.7

ANATOMICAL SYSTEM ORIGIN
* .24 -1.14 17.33
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TABLE 4 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

X Y Z

AXES DEFINITION POINTS SEGMENT RF ARM

z2 R ULNAR STYLOID -1.71 1.77 -14.73
22 R RADIAL STYLOID .15 -2.90 -15.44
16 RIGHT RADIALE -2.57 -2.19 9.32
20 R ULNAR STYLOID -1.71 1.77 -14.76
16 RIGHT RADIALE -2.57 -2.19 9.32
16 RIGHT RADIALE -2.57 -2.19 9.32

LANDMARKS

I R MED HUM EPICON 1.16 4.19 11.14
12 R LAT HUM EPICON -2.45 -3.12 11.1.
14 RIGHT OLECRANON -3.24 1.71 12.25
16 RIGHT RADIALE -2.57 -2.19 9.32
Z R ULNAR STYLOID -1.71 1.77 -14.71
22 R RADIAL STYLOID .15 -2.96 -15.44

ANATOMICAL SYSTEM ORIGIN
* -2.57 -2.19 9.32

AXES DEFINITION POINTS SEGMENT R HAND

36 RIGHT DACTYLrON -. 4a 1.53 -13.39
24 R METACARPALE II -1.39 -3.09 -2.8
23 R METACARPALE V .66 4.66 -1.46
24 R METACARPALE II -1.39 -3.69 -2.6
21 R METACARPALE V .66 4.68 -1.46
26 R METACARPALEIZI -1.68 .36 -3.51

LANDMARKS

26 R ULNAR STYLOID -1.71 2.95 5.91
Z2 R RADIAL STYLOID -1.69 -2.18 5.46
24 R METACARPALE II -1.39 -3.69 -2.18
26 R METACARPALEIII -1.66 .36 -3.51
23 R METACARPALE U .60 4.66 -1.46
36 RIGHT DACTYLION -. 42 1.53 -13.39

ANATOMICAL SYSTEM ORIGIN
6 -. 63 -.16 -2.34
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TABLE U 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

X Y Z

AXES DEFINITION POINTS SEGMENT LU ARM

3 LEFT ACROMIALE .49 1.29 16.46
9 L MED HUM EPICON 1.53 -2.89 -15.51

11 L LAT HUM EPICON -2.74 3.31 -13.55
3 LEFT ACROMIALE .49 1.29 16.46

11 L LAT HUM EPICON -2.74 3.31 -13.55
3 LEFT ACROMIALE .49 1.29 16.46

LANDMARKS

3 LEFT ACROMIALE .49 1.29 16.46
5 LEFT PO SCYE -6.74 -1.79 6.62
9 L MED HUM EPICON 1.53 -2.39 -15.51

11 L LAT HUM EPICON -2.74 3.31 -13.55
13 LEFT OLECRANON -2.65 -1.15 -14.26
15 LEFT RADIALE -2.45 2.97 -15.42
45 LEFT ANT SCYE 4.79 -4.27 4.65

ANATOMICAL SYSTEM ORIGIN
* .49 1.29 16.46

AXES DEFINITION POINTS SEGMENT LF ARM

19 L ULNAR STYLOID -1.23 -2.48 -14.34
21 L RADIAL STYLOID .84 2.88 -15.9
15 LEFT RADIALE -2.42 1.51 9.23
19 L ULNAR STYLOID -1.23 -2.46 -14.34
15 LEFT RADIALE -2.42 1.51 9.23
15 LEFT RADIALE -2.42 1.51 9.23

LANDMARKS

9 L MED HUM EPICON .96 -4.36 11.27
11 L LAT HUM EPICON -2.68 2.56 16.67
13 LEFT OLECRANON -3.33 -1.92 11.71
15 LEFT RADIALE -2.42 1.51 9.23
19 L ULNAR STYLOID -1.23 -2.48 -14.54
21 L RADIAL STYLOID .86 2.98 -15.89

ANATOMICAL SYSTEM ORIGIN
a -2.42 1.51 9.23
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TABLE a 7 (CONTINUED) SUSJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

UX Y z

-' AXES DEFINITION POINTS SEGMENT L HAND

a9 LEFT DACTYLION -. 49 -1.31 -12.88
23 L METACARPALE II -.90 3.37 -2.75
27 L METACARPALE U .75 -4.44 -. 91
23 L METACARPALE II -.90 3.37 -2.75
a7 L METACARPALE U .75 -4.44 -.91
25 L METACARPALCIII -1.97 -. t9 -3.19

LANDMARKS

19 L ULNAR STYLOID -1.15 -3.43 6.61
21 L RADIAL STYLOID -1.37 Z.3% 5.68
23 L METACARPALE II -,S9 3.37 -Z.75
25 L METACARPALEIZI -1.97 -. 19 -3.19
27 L METACARPALE V .75 -4.44 -.9t
29 LEFT DACTYLION -. 49 -1.31 -12.88

ANATOMICAL SYSTEM ORIGIN
a -. 29 .43 -2.85

AXES DEFINITION POINTS SEGMENT R FLAP

5? R TROCHANTERION Z.63 -9.29 3.31
59 R LAT FEM CONDYL -1.52 Z.91 -36.34
61 R MED FEM CONDYL -3.36 14.13 -33.62
5% R LAT FEM CONDYL -1.52 2.91 -36.34
57 R TROCHANTERION 2.63 -9.29 3.61
57 R TROCHANTCRION 2.63 -9.29 3.61

LANDMARKS

1 R GLUTCAL FOLD -9.68 1.16 -6.73
54 RIGHT ASIS 11.69 -3.75 9.71
55 SYNPHYSION 16.74 11.61 4.72
57 R TROCMANTERION 2.63 -1.29 3.61

ANATOMICAL SYSTEM ORIGIN
a 2.63 -1.29 2.61
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TABLE 0 7 (COHTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

AXES DEFINITION POINTS SEGMENT R THI-F

57 R TROCHANTERION -2.43 -7.63 23.94
59 R LAT FEM CONDYL 1.19 -6.55 -17.31
61 R MED FEM CONDYL .89 4.72 -19.2?
59 R LAT FEM CONDYL 1.09 -6.55 -17.31
57 R TROCHANTERION -2.43 -7.63 23.94
57 R TROCHANTERION -2.43 -7.63 23.94

LANDMARKS

18 R GLUTEAL FOLD -11.39 1.92 9.81
54 RIGHT ASIS 5.67 -1.45 36.39
57 R TROCHANTERION -2.43 -7.63 23.94
59 R LAT FEM CONDYL 1.09 -6.55 -17.31
61 R MED FEM CONDYL .89 4.72 -19.27
63 RIGHT TIDIALE 2.36 2.99 -22.66
65 RIGHT FIBULARE .64 -7.13 -21.55

ANATOMICAL SYSTEM ORIGIN
a -2.43 -7.63 23.94

AXES DEFINITION POINTS SEGMENT R CALF

63 RIGHT TIIBALE 4.20 4.15 13.63
69 RIGHT SPHYRION 4.93 3.09 -25.07
67 R LAT MALLEOLUS -. 96 -2.05 -24.96
69 RIGHT SPHYRION 4.93 3.69 -25.67
63 RIGHT TIBIALE 4.20 4.15 13.66
63 RIGHT TIDIALE 4.26 4.15 13.8

LANDMARKS

59 R LAT FEM COMPYL .99 -5.39 16.73
61 R MED F7M CONDYL 3.75 5.71 16.14
63 RIGHT TIBIALE 4.23 4.15 13.68
65 RIGHT FZBULARE .19 -5.25 12.51
67 R LAT MALLEOLUS -. 06 -2.6s -24.96

69 RIGHT SPHYRION 4.3 3.69 -25.37

ANATOMICAL SYSTEM ORIGIN
a 4.20 4.15 13.88
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TABLE 0 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

UX Y z

AXES DEFINITION POINTS SEGMENT R FOOT

71 R METATARSAL I 7.69 3.95 -1.3S
73 R METATARSAL U 5.66 -4.93 1.36
32 R POS CALCANEUS -16.58 -t.74 -2.41
75 RZGHT TOE ZZ 14.15 -. 45 -. 96
32 R POS CALCANEUS -19.58 -1.74 -2.41
71 R METATARSAL I 7.69 3.95 -1.35

LANDMARKS

32 R POS CALCANEUS -10.58 -1.74 -2.41
67 R LAT MALLEOLUS -7.39 -.04 4.39
69 RIGHT SPHYRION -4.06 4.60 1.54
71 R METATARSAL I 7.69 3.95 -1.35
73 R METATARSAL V 5.66 -4.93 1.36
75 RIGHT TOE I1 14.19 -. 45 .96

ANATOMICAL SYSTEM ORIGIN
a 7.78 -. 49 .16

AXES DEFINITION POINTS SEGMENT L FLAP

56 L TROCHANTERION 4.99 8.46 2.22
38 L LAT FEM CONDYL -3.16 -2.29 -36.91
69 L MED FEM CONDYL -6.64 -13.97 -34.62
S8 L LAT FEM CONDYL -3.16 -2.29 -36.51

56 L TROCHANTERION 4.99 6.46 2.22
56 L TROCHANTERION 4.99 W.46 2.22

LANDMARKS

17 L GLUTEAL FOLD -9.35 -. 97 .-7.64
53 LEFT ASIS 11.58 2.95 9.25
55 SYMPHYSION 15.26 -19.89 4.53
56 L TROCHANTERION 4.99 8.46 2.22

ANATOMICAL SYSTEM ORIGIN
* 4.99 8.46 2.22
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TABLE V 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

AXES DEFINITION POINTS SEGMENT L TNI-r

56 L TROCHANTERZON -.ZZ 9.6 23.21

5 L LAT FEM CONDYL 2.45 5.67 -17.17
61 L MED FEM CONDYL -. Zl -5.24 -19.14
so L LAT FCM CONDYL Z.45 5.6? -17.17
56 L TROCHANTERION -. 22 9.3 23.21
56 L TROCHANTERION -. 22 9.6 23.21

LANDMARKS

17 L GLUTEAL FOLD -18.87 .39 9.79
53 LEFT ASIS 5.17 1.36 33.54
56 L TROCHANTERION -. 22 8.66 23.21
s L LAT FEM CONDYL 2.45 5.67 -17.17
66 L MED FEM CONDYL -. 21 -5.24 -19.14
62 LEFT TIBIALE 2.04 -3.63 -21.77
64 LEFT FIBULARE 1.34 6.74 -22.64

ANATOMICAL SYSTEM ORIGIN

a -.22 6.09 23.21

AXES DEFINITION POINTS SEGMENT L CALF

62 LEFT TIBIALE 3.79 -4.54 13.16
66 LEFT SPHYRION 5.87 -3.33 -24.73
66 L LAT MALLEOLUS 1.23 2.17 -24.84
66 LEFT SPHYRION S.6? -3.33 -24.73
62 LEFT TIBIALE 3.79 -4.54 13.16
62 LEFT TIBIALE 3.79 -4.54 13.16

LANDMARKS

56 L LAT FEM CONDYL 2.50 5.13 16.69
66 L MED FEM CONDYL 2.66 -6.25 16.36
62 LEFT TIBIALE 3.79 -4.54 13.16
64 LEFT FIBULARE .26 5.17 12.13
66 L LAT MALLEOLUS 1.23 Z.17 -24.84
66 LEFT SPHYRION 5.6? -3.33 -24.73

ANATOMICAL SYSTEM ORIGIN
3.79 -4.54 13.16
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TABLE 0 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

UX Y Z

AXES DEFINITION POINTS SEGMENT L FOOT

76 L METATARSAL 1 7.29 -3.98 -1.23
72 L METATARSAL V 5.46 5.66 1.31
31 L POS CALCANEUS -18.79 1.21 -2.57
74 LEFT TOE II 13.79 .13 -. 73
31 L POS CALCANEUS -18.7e 1.21 -2.57
78 L METATARSAL I 7.29 -3.98 -1.Z3

LANDMARKS

31 L POS CALCANEUS -16.76 1.21 -2.57
66 L LAT MALLEOLUS -6.73 .96 4.62
68 LEFT SPHYRION -3.51 -4.34 1.94
78 L METATARSAL I 7.29 -3.98 -1.23
72 L METATARSAL V 5.46 5.6 1.36
74 LEFT TOE II 13.79 .18 -. 73

ANATOMICAl. SYSTEM ORIGIN
a 7.37 .84 .65

AXES DEFINITION POINTS SEGMENT R FARM+H

23 R ULNAR STYLOID -2.87 2.18 -6.71

22 R RADIAL STYLOID -1.17 -2.75 -9.43
16 RIGHT RADIALE -Z.61 -1.69 15.42
28 R ULNAR STYLOID -2.67 2.18 -6.71
16 RIGHT RADIALE -2.61 -1.69 15.42
16 RIGHT RADIALE -2.61 -1.69 15.42

LANDMARKS

AI R MED HUM EPICON 2.35 3.84 17.06
12 R LAT HUM EPICON -2.56 -2.64 17.26
14 RIGHT OLECRANON -2.39 2.24 18.37

16 RIGHT RADIALE -2.61 -1.69 1S.42
23 R ULNAR STYLOID -2.37 2.19 -6.71
22 R RADIAL STYLOID -1.17 -2.75 -9.43
24 R METACARPALE I -. 61 -3.22 -17.72

26 R METACARPALEIII -1.61 .13 -18.22
29 R METACARPALE U -. 08 4.63 -15.97
30 RIGHT DACTYLION -. 32 1.96 -26.82

ANATOMICAL SYSTEM ORIGIN
a -2.61 -1.69 15.42
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TABLE # 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

UX Y 2

AXES DEFINITION POINTS SEGMENT L FARM+H

19 L ULNAR STYLOID -1.45 -Z.58 -8.69
21 L RADIAL STYLOID -.49 2.99 -18.96
Is LEFT RADIALE -2.37 1.86 15.14
19 L ULNAR STYLOID -1.45 -Z.58 -8.69
15 LEFT RADIALE -2.37 1.6 15.14
15 LEFT RADIALE -2.37 1.86 15.14

LANDMARKS

9 L MED HUM EPICON 1.96 -4.21 17.96
11 L LAT HUM EPICON -2.72 1.98 16.96
13 LEFT OLECRANON -2.33 -2.44 17.61
15 LEFT RADIALE -2.37 1.96 15.14
19 L ULNAR STYLOID -1.45 -2.58 -8.69
21 L RADIAL STYLOID -. 49 2.99 -19.96
23 L METACARPALE II -. 02 3.31 -18.55
25 L METACARPALEII! -1.83 .83 -18.71
27 L METACARPALE V -. 06 -4.52 -16.13
29 LEFT DACTYLION -. 87 -2.69 -29.29

ANATOMICAL SYSTEM ORIGIN
a -2.37 1.96 15.14

AXES DEFINITION POINTS SEGMENT R THIGH

57 R TROCHANTERION 1.49 -8.61 16.47
59 R LAT FEM CONDYL -.91 -6.55 -24.99
61 R MED FEM CONDYL -1.43 4.87 -26.67
59 R LAT FEM CONDYL -.81 -6.55 -24.89
57 R TROCHANTERION 1.49 -9.91 16.47
57 A TROCHANTERION 1.49 -6.81 16.47

LANDMARKS

19 R GLUTEAL FOLD -9.81 -. 16 3.66
54 RIGHT ASIS 9.72 -1.14 22.69
55 SYMPHYSION 19.39 11.77 13.36
57 R TROCHANTERION 1.49 -6.81 16.47
59 R LAT FEM CONDYL -. 01 -6.55 -24.99
61 R MED FEM CONDYL -1.43 4.67 -26.67
63 RIGHT TIBIALE -. 51 3.65 -29.59
65 RIGHT FZIBULARE -. 90 -7.16 -29.95

ANATOMICAL SYSTEM ORIGIN
a 1.49 -3.81 16.47
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TABLE 4 7 CCONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

3X Y 2

AXES DEFINITION POINTS SEGMENT L THIGH

56 L TROCHANTERION 3.32 7.73 11.11
58 L LAT FCM CONDYL .64 6.11 -24.33
6 L MED rEM CONDYL -2.24 -4.60 -26.67
58 L LAT FEM CONDYL .64 6.06 -24.38

56 L TROCHANTERION 3.32 7.78 16.11
56 L TROCHANTERION 3.32 7.73 16.11

LANDMARKS

17 L GLUTEAL FOLD -9.12 .27 3.18

53 LEFT ASIS 9.65 .97 ZZ.55
55 SYMPHYSION 9.54 -11.37 14.64

36 L TROCHANTERION 3.32 7.73 16.11
38 L LAT FEN CONDYL .64 6.11 -24.36
6 L MED FCM CONDYL -2.24 -4.33 -26.37
62 LEFT TIBIALE -. 36 -3.ZZ -23.96
64 LEFT FIBULARE -1.11 7.15 -23.96

ANATOMICAL SYSTEM ORIGIN
I 3.32 7.76 16.11
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TABLE 4 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN

WITH RESPECT TO SEGMENT PA AXES

UX Y z

AXES DEFINITION POINTS SEGMENT TORSO

53 LEFT ASIS 8.3Z 12.8a -21.29
54 RIGHT ASIS 6.35 -%Z.53 -21.11
53 SYMPHYSIOH 9.78 .64 -29.31

53 LEFT ASIS 0.32 1Z.82 -21.29
54 RIGHT ASIS 6.35 -12.53 -21.11
8 POS SUP ILIAC MS -9.75 .06 -14.38

LANDMARKS

z CRVZCALE -4.55 -. 36 31.84
3 LEFT ACROMIALE -4.2 16.39 24.39
4 RIGHT ACROMIALE -2.46 -10.94 23.S4

5 LEFT POe SCYC -9.32 14.94 13.47
6 RIGHT POS SCYC -7.69 -15.93 Z.73
7 LOTH RIBMIDSPINC -7.65 .39 -7.35
8 PO SUP ILIAC MS -9.75 .46 -14.30

4Z LEFT CLAUICALE S.36 2.79 26.05
43 RIGHT CLAUICALE 5.63 -2.69 26.69
44 SUPRASTERNALE 6.2? .13 25.53

45 LEFT ANT SCYE 2.39 15.79 12.39
46 RIGHT ANT SCYC 3.91 -15.47 12.22
49 LEFT LOTH RIB -. 11 13.83 -6.51
56 RIGHT 16TH RIB -. 19 -12.76 -7.82
5I L ZLZOCRISTALE -. 86 15.31 -19.69
52 R ZLIOCRISTALE .19 -14.29 -9.65
53 LEFT ASIS 8.3Z IZ.92 -71.29
54 RIGHT ASIS 8.35 -12.53 -21.11
55 SYMPHYSION 9.78 .64 -29.31
56 L TROCHANTERION -. 17 16.8 -26.76
57 R TROCHANTERION -1.64 -19.17 -26.19

ANATOMICAL SYSTEM ORIGIN
0 8.33 .63 -21.26
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TABLE 0 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

X Y z

AXES DEFINITION POINTS SEGMENT TOT BODY

53 LEFT ASIS 11.01 12.27 -.03
54 RIGHT ASIS 9.91 -13.86 .38
55 SYMPHYSZON 12.58 -.97 -7.80
53 LEFT ASIS 11.01 12.27 -.83

54 RIGHT ASIS 9.91 -13.06 .38
a PO SUP ILIAC MS -9.11 .30 5.51

LANDMARKS

I NUCHALE -8.66 .31 61.16
2 CERUICALE -6.68 .32 52.63
3 LEFT ACROMIALE -4.91 18.86 44.43
4 RIGHT ACROMIALE -4.75 -10.42 44.06
5 LEFT POS SCYE -9.46 15.59 33.15
6 RIGHT POS SCYE -9.15 -15.32 32.62

7 1TH RXB3IDSPINE -6.57 .72 12.66
a POS SUP ILIAC MS -6.11 .38 5.51
9 L MCD HUM EPICON 2.43 19.15 13.31

18 R MED HUM EPICON 2.83 -18.73 11.5
11 L LAT HUM EPICON -3.4$ 22.90 14.65
12 R LAT HUM EPICON -3.39 -23.55 13.74
13 LEFT OLECRANON -2.19 19.76 13.56
14 RIGHT OLECRANON -2.2$ -18.79 12.61
15 LEFT RADIALE -2.77 23.95 12.85
16 RIGHT RADIALE -3.04 -23.57 11.76
17 L GLUTEAL FOLD -6.30 6.16 -18.53
1 R GLUTEAL FOLD -9.19 -6.33 -17.69
19 L ULNAR STYLOID .86 31.4? -9.79

20 R ULNAR STYLOID .72 -31.18 -18.95
21 L RADIAL STYLOID .73 37.14 -6.52
22 R RADIAL STYLOID .59 -36.55 -9.23
23 L METACARPALE 11 1.81 41.2? -15.88
24 R METACARPALE 11 1.63 -41.0 -15.12
25 L METACARPALEIrI .76 36.17 -17.76
26 R METACARPALEIZI 1.85 -30.19 -18.25
27 L METACARPALE U 3.38 33.36 -17.06
26 R METACARPALE U 3.97 -33.44 -17.99

29 LEFT DACTYLION 2.94 48.71 -26.97
36 RIGHT DACTYLION 4.26 -41.46 -27.36
31 L POS CALCANEUS -6.26 13.47 -94.24

32 R P0S CALCANEUS -7.26 -11.76 -94.39
33 HEAD CZRC 6.25 -.8 7603
34 SELLION 9.95 .86 67.10
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TABLE 0 7 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

SEGMENT LANDMARKS AND ANATOMICAL SYS. ORIGIN
WITH RESPECT TO SEGMENT PA AXES

35 L INFRAORDITALE 7.51 4.19 65.44
36 R INFRAORDITALE 7.39 -. 45 Z5.23
37 LEFT TRAGION .Z6 7.27 63.71
38 RIGHT TRAGION .01 -7.05 63.61
39 LEFT GONION 1.52 5.69 58.01
40 RIGHT GONION 1.23 -5.51 58.31
41 MID THYROID CART 4.03 .22 51.83
42 LEFT CLAvICALE 3.73 2.96 47.8
43 RIGHT CLAUICALE 3.77 -2.50 47.71
44 SUPRASTERNALE 4.62 .27 46.59
45 LEFT ANT SCYC 2.56 15.92 33.23
46 RIGHT ANT SCYE 2.66 -15.36 33.27
47 LEFT BUSTPOINT 15.39 9.81 36.47
46 RIGHT BUSTPOINT 15.61 -9.29 30.11
49 LEFT 1TH RIB 1.43 13.03 14.01
56 RIGHT 1TH RIB .35 -12.76 13.74
51 L ILIOCRISTALE 1.92 15.25 9.64
52 R ILIOCRISTALE .78 -14.31 11.16
53 LEFT ASIS 11.91 12.2? -. 83
54 RIGHT ASIS 9.91 -13.66 .36
55 SYMPHYSION 12.58 -. 07 -7.60
56 L TROCHANTCRION 3.33 17.61 -6.21
57 R TROCHANTERION .72 -18.35 -5.39
56 L LAT FCM CONDYL -.96 14.67 -46.41
59 R LAT F7M CONDYL -. 42 -15.81 -46.65
60 L MED FCM CONDYL -2.67 3.64 -47.93
61 R MED F7M CONDYL -. 08 -3.65 -47.97
62 LEFT TIDIALE -. 63 5.53 -58.92
63 RIGHT TIBIALE .58 -5.27 -56.97
64 LEFT FIDULARE -3.18 15.63 -56.99
65 RIGHT FIBULARE -1.39 -15.31 -56.03
66 L LAT MALLEOLUS -1.71 16.35 -66.64
67 R LAT MALLEOLUS -3.68 -14.66 -66.39
Go LEFT SPHYRION 1.52 10.49 -66.47
69 RIGHT SPHYRION .19 -6.5 -8.99
70 L METATARSAL I 12.06 9.56 -92.46
71 R METATARSAL 1 11.63 -9.06 -92.61
72 L METATARSAL U 9.90 16.73 -93.93
73 R METATARSAL V 6.55 -17.07 -94.35
74 LEFT TOE 11 10.32 13.50 -94.42
75 RIGHT TOE 11 17.45 -14.10 -94.20
76 CROTCH SENSOR 5.73 -. 93 -15.73
77 (42 * 43)/2 3.75 .24 47.76

ANATOMICAL SYSTEM ORIGIN

a 10.45 -. 51 .16
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TABLE 4 3 SUBJECT 11 TOTAL BODY PA AXES

SEGMENT CENTERS OF GRAVITY

WITH RESPECT TO TOTAL BODY PA AXES

SEG X Y Z

HEAD -. 64 -. 19 67.13
NECK -.75 .12 SS.S5

THORAX -. 10 .19 31.11
ABDOMEH 2.43 .05 12.29

PELVIS 1.43 -. 10 2.35
RU ARM -2.63 -19.13 Z.93

RF ARM .73 -26.95 3.24
R HAND 3.8 -36.94 -14.74

LU ARM -2.31 19.62 23.13

LF ARM .45 27.53 4.46

L HAND 2.53 37.09 -14.54
R FLAP -. 82 -9.63 -13.55

R THI-V .92 -9.45 -29.31
R CALF -3.11 -11.21 -63.53

R FOOT 3.55 -12.43 -92.55

L FLAP .37 9.27 -13.65

L THI-F .72 9.31 -29.12
L CALF -3.66 11.78 -63.57

L FOOT 4.66 13.!? -92.41
R FARM+H 1.39 -29.85 -1.97

L FARH H 1.31 36.11 -. 71
R THIGH .54 -9.-S -21.52

L THIGH .58 9.38 -22.65
TORSO .44 .49 23.63

TOTAL BODY

TOT BODY 0.33 0.33 3.33
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TABLE 0 9 SUBJECT 11 TOTAL BODY PA AXES

ORIGIN or SEGMENT ANATOMICAL AXES

WITH RESPECT TO TOTAL BODY PA AXES

sea X Y z

HEAD .14 .25 63.66
NECK -4.66 .32 52.11

THORAX -6.5? .72 12.68
ABDOMEN .96 .39 13.90

PELUIS 16.45 -. 51 .13
RU ARM -4.75 -16.42 44.6

RF ARM -3.e4 -23.5? 11.71
R HAND 2.65 -36.12 -16.84

LU ARM -4.91 13.66 44.43
LF ARM -2.77 23.9S 12.65

L HAND 2.37 36.2? -16.30
R FLAP .72 -13.35 -5.39
R THz-r .72 -16.35 -5.39
R CALF .56 -5.27 -56.97

R FOOT 11.19 -13.15 -53.43
L FLAP 3.33 17.81 -6.21

L THI-F 3.33 17.31 -6.21
L CALF -. 63 5.53 -56.92

L FOOT 11.99 13.60 -93.37
R FARM.H -3.64 -23.5? 11.76

L FARM+H -2.77 23.93 12.35
R THIGH .72 -19.35 -5.39

L THIGH 3.33 17.81 -6.21
TORSO 10.45 -. 51 .is

TOTAL BODY

TOT BODY 18.45 -.51 .is
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TABLE N 18 SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER O GRAVITY
WITH RESPECT TO ANATOMICAL AXES

AXES DEFINITION POINTS SEGMENT HEAD

37 LEFT TRAGION .se 7.82 -. 88

38 RIGHT TRAGION .88 -7.31 -. 99
36 R INFRRAORITALE 7.43 -. 56 -. 66
37 LEFT TRAGION .08 7.8Z -. es

38 RIGHT TRAGION .88 -7.31 -. 0e

34 SELLION 9.36 .so 1.56

LANDMARKS

I NUCHALE -9.8? -. 11 -. 59

34 SELLION 9.36 .68 1.56

36 R INFRAORBITALE 7.43 -.56 -. 8

37 LEFT TRAGION .se 7.02 -. 8

38 RIGHT TRAGION .88 -7.31 -.88
39 LEFT GONION .05 5.41 -5.03

48 RIGHT GONION -. 62 -5.78 -5.73

CENTER OF GRAVITY

8 -. 02 -. 33 3.56

AXES DEFINITZON POINTS SEGMNT NECK

41 MID THYROID CART 9.99 .88 3.0

2 CERVICALE .e .88 .88

44 SUPRASTERNALE 12.51 .88 -. 76

77 (42 + 43)/2 11.26 -. e3 .88
2 CERUICALE .00 .66 .se
2 CERUICALE .68 .88 .88

LANDMARKS

I NUCHALE -5.23 .86 7.77
2 CERUICALE .66 .99 .86

39 LEFT GONION 5.30 5.58 8.56
48 RIGHT GONION 5.18 -5.69 8.63
41 MID THYROID CART 9.99 .83 3.88

42 LEFT CLAVICALE 11.21 2.71 -.09

43 RIGHT CLAJZCALE 11.31 -2.77 .es
44 SUPRASTERNALE 12.51 .l8 -.76

CENTER or GRAVITY
8 4.34 -. 11 5.86
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TABLE # 16 (COHTrNUED) SUB3ECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAVITY
WITH RESPECT TO ANATOMICAL AXES

0 X Y z

AXES DEFINITION POINTS SEGMENT THORAX

44 SUPRASTERNALE 11.29 .66 33.97

2 CERUICALE .0 .61 39.31
7 1TH RIBMIDSPINE .66 .60 .66
2 CERUICALE .66 .66 39.31
7 1TH RIBMIDSPINE .66 .66 .66
7 1TH RIBMIDSPINE .66 .06 .0

LANDMARKS.

2 CERUICALE .66 .06 39.31
3 LEFT ACROMIALE 1.57 18.47 31.56
4 RIGHT ACROMIALE 2.69 -16.61 31.56
5 LEFT POS SCYC -2.96 15.65 26.32
6 RIGHT POS SCYC -2.37 -15.66 26.36
7 16TH RIBMIDSPINE .66 .6s .66

42 LEFT CLAUICALE 16.37 2.71 35.67
43 RIGHT CLAUICALE 16.47 -2.77 35.63
44 SUPRASTERNALE 11.29 .66 33.67
45 LEFT ANT SCYE 6.96 15.4, 26.37

46 RIGHT ANT SCYC 9.45 -15.79 26.72
49 LEFT LOTH RID 7.69 12.41 1.16
so RIHTZ leTH RID 7.06 -13.49 1.17

CENTER OF GRAUITY
a 6.45 -. 2e 18.41

AXES DEFINITION POINTS SEGIENT ABDOMEN

49 LEFT 1TH RIB .66 12.65 .63
SO RIGHT 1OTH RID .66 -13.16 .96
7 LOTH RIBMIDSPINE -7.57 .08 .66

49 LEFT 1OTH RID .63 12.65 .66
56 RIGHT 18TH RID .69 -13.16 .66
7 1OTH RIBMIDSPINE -7.57 .66 .66

LANDMARKS

7 LOTH RIDMIDSPINE -7.57 .96 .66
6 POS SUP ILIAC MS -18.21 -. 47 -6.84

49 LEFT LOTH RIB .66 12.65 .66
50 RIGHT LOTH RIB .6 -13.16 .08
51 L ILIOCRISTALE -.27 14.84 -4.21
52 N ILIOCRISTALE .8 -14.72 -3.61

CENTER Or GRAVITY
0 1.Z4 -. 29 -1.6

168



TABLE 4 19 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAUITY

WITH RESPECT TO ANATOMICAL AXES

*X Y z

AXES DEFINITION POINTS SEGMENT PELVIS

53 LEFT ASIS .8 12.83 .33
54 RIGHT ASKS .80 -12.56 .08
55 SYMPHYSION .63 .6? -8.23

53 LEFT ASIS .06 12.8 .33
54 RIGHT ASKS .8 -12.56 .me
a POS SUP ILIAC MS -16.63 -. 86 9.93

LANDMARKS

* POS SUP ILIAC MS -16.63 -. 66 9.9.
51 L ILIOCRISTALE -6.36 15.21 11.93
52 R ILIOCRISTALE -6.32 -14.39 12.71
53 LEFT ASKS .30 12.8 .83
54 RIGHT ASIS .6 -1Z.56 .33
55 SYMPHYSION .83 .6? -0.Z3
56 L TROCHANTERION -9.21 18.13 -3.37
57 R TROCHANTERION -13.14 -13.15 -3.38

CENTER OF GRAUTY
a -8.Z6 -.01 4.11

AXES DEFINITION POINTS SEGMENT RU ARM

4 RIGHT ACROMIALE .83 -. 00 .33
1 R MED HUM EPICON .80 3.33 -32.31
12 R LAT HUM EPICON .33 -.33 -33.73
4 RIGHT ACROMIALE .30 -. 00 .03

1Z R LAT HUM EPICON .80 -. 86 -38.73
4 RIGHT ACROMIALE .98 -. 80 .09

LANDMARKS

4 RIGHT ACROMIALE .33 -. 80 .33
6 RIGHT POS SCYK -6.93 -. 66 -13.36
13 R MED HUM EPICON .33 3.83 -32.31
12 R LAT HUM EPtCON .6N -. 80 -33.73
14 RIGHT OLECRAHON -3.34 3.93 -31.15
I RIGHT RADIALE -. 6 .43 -32.75
46 RIGHT ANT SCYE .74 3.42 -13.45

CENTER OF GRAVITY
a -. 37 2.06 -17.12
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TABLE 8 10 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAUITY
WITH RESPECT TO ANATOMICAL AXES

UX yI z

AXES DEFINITION POINTS SEGMENT RF ARM

28 R ULNAR STYLOID .9 .6 -24.44
22 R RADIAL STYLOID .99 -5.86 -24.40
16 RIGHT RADIALE .66 .66 .06
23 R ULNAR STYLOID .06 .S -24.44
16 RIGHT RADIALE .00 .66 .me
16 RIGHT RADIALE .66 .66 .39

LANDMARKS

is R MED HUM EPICON 5.92 4.75 .63
12 R LAT HUM EPICON -. 05 -. 65 1.96
14 RIGHT OLECRANON 1.64 4.23 2.26
16 RIGHT RADIALE .96 .89 .9e
29 R ULHAR STYLOID .66 .96 -24.44
22 R RADIAL STYLOID .66 -5.6 -24.40

CENTER OF GRAVITY
a 2.32 -. 21 -9.64

AXES DEFINITION POINTS SEGMENT R HAND

36 RIGHT DACTYLION .96 -.25 -11.16
24 R METACARPALE II .96 -3.67 -. 6
23 R METACARPALE U .66 5.6 -. 00
24 R METACARPALE II .69 -3.67 -. 6
Z9 R METACARPALE U .66 5.96 -. 99
2' R METACARPALEIII -1.24 -. 38 -1.21

LANDMARKS

23 R ULNAR STYLOID -1.94 4.34 7.63
22 R RADIAL STYLOID -. 67 -. 65 7.99
24 R METACARPALE II .96 -3.87 -. 66
26 R METACARPALEIII -1.24 -. 60 -1.21
23 R METACARPALE U .68 5.66 -. 98
30 RIGHT DACTYLION .8 -. 25 -11.16

CENTER OF GRAVITY
3 .53 .71 2.26
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TABLE 8 19 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER CF GRAUITY
WITH RESPECT TO ANATOMICAL AXES

AXES DEFINITION POINTS SEGMENT LU ARM

3 LEFT ACROMIALE .00 -.68 .se
9 L MED HUM EPICON .as -V.79 -31.33

11 L LAT HUM EPICON .60 -.69 -39.ZS
3 LEFT ACROMIALE .99 -. 98 .09

11 L LAT HUM EPICON .09 -. 99 -39.25
3 LEFT ACROMIALE .60 -. 88 .69

LANDMARKS

3 LEFT ACROMIALE .60 -.89 .68
5 LEFT POS SCYC -7.19 .47 -19.33
9 L MED HUM EPICON .90 -7.79 -31.33

11 L LAT HUM EPZCON .89 -.99 -30.25
13 LEFT OLECRANON -2.46 -3.76 -39.65
15 LEFT RADIALE .14 -.67 -32.6
45 LEFT ANT SCYE .89 -9.35 -19.9

CENTER OF GRAUITY

a -. 34 -2.69 -16.36

AXES DEFINITION POINTS SEGMENT LF ARM

19 L ULNAR STYLOID .09 .09 -24.13
21 L RADIAL STYLOID .99 5.78 -24.68
15 LEFT RADIALE .66 .69 .66
19 L ULNAR STYLOID .09 .09 -24.13
15 LEFT RADIALE .89 .09 .90
15 LEFT RADIALE .69 .88 .69

LANDMARKS

9 L MED HUM EPICON 5.22 -4.79 .87
11 L LAT HUM EPICON -. 39 .61 1.79
13 LEFT OLECRANON .73 -3.76 1.91
15 LEFT RADIALE .99 .99 .99
19 L ULNAR STYLOID .6 .9 -24.13
21 L RADIAL STYLOID .89 5.79 -24.61

CENTER Or ORAITY
9 1.94 .66 -9.46
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TABLE # 10 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMIARKS AND CENTER OF GRAUITY
kITH RESPECT TO ANATOMIICAL AXES

AXES DEFINITION PO1INTS XySEGMIENT L zHAND

29 LEFT DACTYLION -.931 .81 -16.93
23 L METACARPALE 11 -.80 3.9 .99
2? L METACARPALE V -.96 -5.19 .90
23 L FETACARPALE 11 -. 618 3.99 .00
27 L METACARPALE V -.131 -5.19 .96
25 L PETACARPALEIZZ -1.72 .96 -1.26

LANDPIARKS

19 L ULNAR STYLOID -2.84 -5.45 7.54
21 L RADIAL STYLOID -1.19 .27 7.95
23 L IETACARPALE 11 -. 56 3.6 .61
25 L IETACARPALEIII -1.72 .61 -1.25
27 L IMETACARPALE V -. 89 -5.15 .66
29 LEFT DACTYLION -. as .31 -10.93

CENTER OF GRAUITY
9 .09 -. 93 1.99

AXES DEFINItION POINTS SEGMIENT Rt FLAP

57 ft TROCHANTERION .160 .84 .6
59 R LAT FEM CONDYL . ibi .GO -41.41
fi1 Rt PED FEN CONDYL .9 11.23 -43.64
59 R L.AT rEN CONDYL .99 .99 -41.41
57 R TROCHANTCRION .99 .96 .6
5? Rt TROCHANTERION .993 .69 .66

LANDMARKS

Is ft GLUTEAL FOL.D -9.96 6.61 -13.54
54 RIGHT AIS 9.92 6.96 5.31
55 SYPIPHYSION 11.39 16.44 -3.54
57 Rt TROCb4ANTERIO4 .99 .66 .6

CENTER or eRAvflTv
6-.87 9.19 -5.96
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TABLE N 16 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAVITY
WITH RESPECT TO ANATOMICAL AXES

UX Y Z

AXES DEFINITION POINTS SEGMENT R THI-F

57 R TROCHANTERION .as .60 .80

59 R LAT FEM CONDYL .66 .66 -41.41
61 R MED FEM CONDYL .8 11.Z3 -43.64

59 R LAT FEM CONDYL .66 .0 -41.41
57 R TROCHANTERION .09 .68 .80

57 R TROCHANTERION .86 .68 .86

LANDMARKS

1 R GLUTEAL FOLD -9.86 8.62 -13.54

54 RIGHT ASIS 9.82 6.86 5.58
57 R TROCHANTERION .98 .66 .66

39 R LAT FEM CONDYL .06 .69 -41.41
61 R MED FEM CONDYL .66 11.23 -43.64
63 RIGHT TIBIALE .11 9.48 -46.4?
65 RIGHT FIBULARE -. 83 -. 66 -45.58

CENTER OF GRAUITY

O .61 6.99 -24. 5

AXES DEFINITION POINTS SEGMENT R CALF

63 RIGHT TIBIALE -. 86 -. 09 .86
69 RIGHT SPNYRION -. 08 -. 00 -38.1V

67 R LAT MALLEOLUS -. 80 -7.17 -36.12

69 RIGHT SPHYRION -. 00 -. 86 -33.17
63 RIGHT TIBIALE -. 89 -. 08 .86

63 RIGHT TIBIALE -. 09 -. 06 .86

LANDMARKS

59 R LAT FEM CONDYL 4.45 -9.18 3.45

61 R MED FEM CONDYL -1.31 .78 3.11

63 RIGHT TINIALE -. 00 -. 00 .66

65 RIGHT FIDuLARE 3.64 -9.53 -. 75
67 R LAT MALLEOLUS -. 80 -7.17 -36.12

69 RIGHT SPHYRION -. 09 -.60 -38.17

CENTER OF GRAVITY
a -.56 -5.32 -13.16
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TABLE N 10 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAVITY
WITH RESPECT TO ANATOMICAL AXES

a X y Z

AXES DEFINITION POINTS SEGMENT R FOOT

71 R METATARSAL 1 .6 4.69 .66
73 R METATARSAL V -2.23 -4.54 .66
32 R POS CALCANEUS -18.58 -.68 .6
75 RIGHT TOE II 6.22 -. 8 -1.19
32 R POS CALCANEUS -18.58 -. 96 .00
71 R METATARSAL I .60 4.69 .66

LANDMARKS

32 R POS CALCANEUS -16.58 -. 00 .66
67 R LAT MALLEOLUS -14.33 -1.44 6.14
69 RIGHT SPHYRION -11.23 4.74 4.26
71 R METATARSAL 1 .66 4.69 .66
73 R METATARSAL U -2.23 -4.54 .8
75 RIGHT TOE IZ 6.Z2 -. 09 -1.19

CENTER OF GRAVITY
6 -7.67 .66 1.18

AXES DEFINITION POINTS SEGMENT L FLAP

56 L TROCHANTERION -. a6 .86 .66
56 L LAT FEM CONDYL -. 00 .8 -46.54
66 L MED FEM CONDYL -. 96 -11.13 -42.97
56 L LAT FEM CONDYL -. 00 .66 -46.54
56 L TROCHANTERION -. 88 .66 .66
56 L TROCHANTERION -. 06 .06 .66

LANDMARKS

17 L GLUTEAL FOLD -9.49 -9.54 -14.12
53 LEFT ASIS 7.46 -5.42 6.54
55 SYMPHYSION 16.62 -16.94 -1.89
56 L TROCHANTERION -. 66 .66 .88

CENTER OF GRAVITY

6 -1.76 -6.35 -5.34
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TABLE U 10 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LAHDMARKS AND CENTER OF GRAUTY
WITH RESPECT TO ANATOMICAL AXES

AXES DEFINITION POINTS SEGMENT L THI-F

56 L TROCHANTERION -. 06 .0 .6
58 L LAT FEM CONDYL -. 96 .66 -46.54
6o L MED FE CONDYL -.66 -11.13 -42.97
56 L LAT FEM CONDYL -. 00 .66 -48.54
56 L TROCHANTERION -. 99 .98 .06
56 L TROCHANTERION -. 08 .60 .66

LANDMARKS

17 L GLUTEAL FOLD -9.49 -9.54 -14.12
53 LEFT ASIS 7.4G -5.42 6.54
56 L TROCHANTERION -. 8 .60 .66
58 L LAT FEM CONDYL -. 88 .60 -46.54
68 L MED FEM CONDYL -. 86 -11.13 -42.97
62 LEFT TIBZALE 1.56 -6.96 -45.65
64 LEFT FIBULARE -1.72 .9 -45.25

CENTER OF GRAVITY
a .41 -6.38 -23.61

AXES DEFINITION POINTS SEGMENT L CALF

62 LEFT TIDIALE .00 .66 .68
6I LEFT SPHYRION .06 .66 -37.93
66 L LAT MALLEOLUS .6 6.71 -36.89

66 LEFT SPHYRION .66 .66 -37.93
62 LEFT TIDIALE .6 .06 .66
62 LEFT TINIALE .66 .66 .66

LANDMARKS

58 L LAT FEM CONDYL 4.64 6.69 3.26
66 L NED FEM CONDYL -1.61 -.69 3.29
62 LEFT TIIIALE .66 .06 .63
64 LEFT FIBULARE 2.62 9.96 -1.25
66 L LAT MALLEOLUS .96 6.76 -30.69
68 LEFT SPHYRION .66 .6 -37,93

CENTER OF GRAVITY
6 -1.11 5.61 -13.17
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TAULE U 19 (CONTINUED) SU93ECT it ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAVITY
WITH RESPECT TO ANATOMICAL AXES

AXES DEFINITION POINTS SEGMENT L FOOT

70 L METATARSAL 1 .66 -4.22 .66

72 L METATARSAL U -Z.S 5.13 .66
31 L POS CALCANEUS -13.29 .6 .63
74 LEFT TOE I 6.22 .66 -1.79
31 L POS CALCANEUS -18.29 .66 .69
75 L METATARSAL 1 .63 -4.22 .8

LANDMARKS

31 L POS CALCANEUS -18.29 .66 .66
66 L LAT MALLEOLUS -13.32 1.15 6.24
so LEFT SPHYRION -16.19 -3.86 4.77
73 L METATARSAL I .88 -4.2Z .66
72 L METATARSAL U -Z.8 5.13 .06
74 LEFT TOE 11 6.22 .66 -1.76

CENTER OF GRAUITY

a -7.29 -. 19 1.11

AXES DEFINITION POINTS SEGMENT R FARtH

26 R ULNAR STYLOID as3 .63 -24.44
ZZ R RADIAL STYLOID .9 -5.56 -24.46
16 RIGHT IA.;*tL .6E .36 .66
Z9 R ULs.-A STYLOID .68 .69 -Z4.44
16 RIGHT RADIALE .as .69 .6
16 RIGHT RADIALE .0 .06 .66

LANDMARKS

t6 R MED HUm EPICON 5.92 4.75 .63
12 R LAT HUM EPICON -. 65 -. 65 1.96
14 RIGHT OLECRANON 1.64 4.23 2.29
1s RIGHT RADIALE .66 .60 .fi
23 R ULNAR STYLOID .86 .8 -24.44
22 R RADIAL STYLOID .98 -5.86 -24.43
24 R METACARPALE 1 .65 -6.36 -32.52
26 R MTACARPALEIII -. 37 -3.53 -33.52
23 R METACARPALE V 2.69 .91 -33.34
30 RIGHT DACTYLION .72 -3.46 -43.51

CENTER Or RmRAiTY
9 2.89 -1.16 -15.55
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TABLE 8 19 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAVITY
NITH RESPECT TO ANATOMICAL AXES

NX Y Z

AXES DEFINITION POINTS SEGMENT L FARMeH

19 L ULNAR STYLOID .09 .91 -24.13
21 L RADIAL STYLOID .09 5.78 -24.68
IS LEFT RADIALE .08 .00 .9
19 L ULNAR STYLOID .06 .98 -24.13
15 LEFT RADIALE .99 .89 .00
15 LEFT RADIALE .98 .69 .99

LANDMARKS

9 L MED HUM EPICON 5.ZZ -4.78 .87
11 L LAT HUM EPICON -. 39 .61 1.79
13 LEFT OLECRANON .73 -3.76 1.91
15 LEFT RADIALE .99 .99 .86
19 L ULHAR STYLOID .96 .me -24.13
21 L RADIAL STYLOID .99 5.78 -24.68
23 L METACARPALE II -. 2Z 7.39 -33.93
25 L METACARPALEIZI -1.49 3.92 -33.62
27 L METACARPALE V 1.27 -.59 -31.83
29 LEFT DACTYLION -.71 3.39 -43.44

CENTER OF GRAVITY

a 1.56 1.52 -15.21

AXES DEFINITION POINTS SEGMENT R THIGH

57 R TROCHANTERION .09 .99 .09
59 R LAT FEM CONDYL .99 .99 -41.41
61 R MED F7M ZONDYL .98 11.23 -43.64
59 R LAT FEM CONDYL .09 .89 -41.41
57 R TROCHANTERION .99 .66 .00
57 R TROCHANTERION .6 .69 .06

LANDMARKS

10 R GLUTEAL FOLD -9.86 8.62 -13.54
54 RIGHT AShS 9.82 6.86 5.59
55 SYMPHYSION 11.39 18.44 -3.54
57 R TROCHANTERION .86 .69 .98
59 R LAT FEM CONDYL .09 .69 -41.41
61 R MED FEM CONDYL .09 11.23 -43.64
63 RIGHT TIBIALE .91 9.49 -46.47
65 RIGHT FIBULARE -.93 -.66 -45.59

CENTER OF GRAUITY
a .31 7.49 -16.79
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TABLE 8 10 (CONTINUED) SUDJECT 11 ANATOMICAL AALS

SEGMENT LANDMARKS AND CENTER OF GRAVITY
WITH RESPECT TO ANATOMICAL AXES

UX Y z

AXES DEFINITION POINTS SEGMENT L THIGH

56 L TROCHANTERION -.09 .06 .as

58 L LAT FEM CONDYL -.80 .08 -48.54
68 L MED FEM CONDYL -.00 -11.13 -42.97

58 L LAT FEM CONDYL -.88 .08 -48.54

56 L TROCHANTERION -. 88 .80 .00
56 L TROCHANTERION -. 90 .0o .00

LANDMARKS

17 L GLUTEAL FOLD -9.49 -9.54 -14.1Z

53 LEFT ASIS 7.46 -5.42 6.54
55 SYMPHYSION 18.82 -16.94 -1.89
56 L TROCHANTERION -. 08 .60 .00
58 L LAT FEM CONDYL -. 08 .00 -48.54

60 L MED FEM CONDYL -. 00 -11.13 -42.97
62 LEFT TIBIALE 1.56 -9.98 -45.65

64 LEFT FIBULARE -1.72 .95 -45.25

CENTER OF GRAVITY

a -. 43 -7.39 -16.62
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TABLE U 10 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SE;MENT LANDMARKS AND CENTER OF GRAUITY

WITH RESPECT Tn ANATOMICAL AXES

tt X Y z

AXES DEFINITION POINTS SEGMENT TORSO

53 LEFT ASIS .88 12.88 .80

54 RIGHT ASlS .88 -12.56 .89

53 LEFT 4SIS .88 12.88 .88

-4 RIGHT ASIS .8 -12.56 .08
a POS SUP ILIAC MS -16.68 -. 08 9.98

LANDMARKS

2 CERUICALE -3.36 -. 75 54.48

3 LEFT ACROMIALE -4.29 17.96 47.21
4 RIGHT ACROMIALE -2.81 -19.27 45.81
5 LEFT POS SCYE -11.44 14.68 37.37

6 RIGHT POS SCYE -18.05 -16.18 36.15
? 18TH RIBMIDSPINE -13.38 .28 16.45

a POS SUP ILIAC MS -16.68 -. 08 9.90

42 LEFT CLAUICALE 5.53 2.42 47.85
43 RIGHT CLAVICALE 5.75 -3.05 47.68

44 SUPRASTERNALE 6.11 -. 23 46.37

45 LEFT ANT SCYE .1Z 15.53 34.41
46 RIGHT ANT SCYE 1.48 -15.72 33.58

49 LEFT 13TH RIB -5.78 12.91 16.83
58 RIGHT I8TH RIB -5.93 -12.98 15.36

51 L ILIOCRISTALE -6.38 15.21 11.93

52 R ILIOCRISTALE -6.82 -14.39 12.71

53 LEFT ASIS .98 12.88 .oi
54 RIGHT ASKS .88 -12.56 .88
55 SYMPHYSION .88 .67 -8.23
56 L TROCHANTERION -9.21 13.18 -3.87
57 R TROCHANTERION -18.14 -18.15 -3.38

CENTER OF GRAVITY

a -4.48 -. 17 22.34
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TABLE 0 19 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAUITY
WZTH RESPECT TO ANATOMICAL AXES

UX Y Z

AXES DEFINITION POINTS SEGMENT TOT BODY

53 LEFT ASIS .08 12.80 .00
54 RIGHT ASIS .9 -12.56 .as
55 SYMPHYSION .as .67 -8.23
53 LEFT ASIS .80 12.89 .06
54 RIGHT ASIS .09 -12.56 .08
a POS SUP ILIAC MS -16.60 -.09 9.90

LANDMARKS

I NUCHALE -2.86 -1.09 63.82
2 CERVICALE -3.36 -. 75 54.46
3 LEFT ACROMIALE -4.29 17.96 47.21
4 RIGHT ACROMIALE -2.01 -19.27 45.91
5 LEFT POS SCYC -11.44 14.60 37.37
6 RIGHT POS SCYE -10.05 -16.18 36.15
7 16TH RIBMIDSPINE -13.36 .26 16.45
8 POS SUP ILIAC MS -16.68 -. 80 9.99
9 L MED HUM EPICON -5.23 19.00 14.96

1 R MED HUM EPICON -3.74 -18.71 12.54
11 L LAT HUM EPICON -10.67 Z3.62 13.19
12 R LAT HUM EPICON -9.04 -23.64 16.02
13 LEFT OLECRANON -9.57 19.36 16.72
14 RIGHT OLECRANON -6.49 -19.91 14.76
15 LEFT RADIALE -10.47 23.66 16.27
16 RIGHT RADIALE -9.26 -23.01 14.81
17 L GLUTEAL FOLD -23.21 6.09 -13.95
1 R GLUTEAL FOLD -23.29 -6.30 -12.68
19 L ULNAR STYLOID -13.83 31.69 -6.34

26 R ULNAR STYLOID -11.06 -31.50 -9.11
21 L RADIAL STYLOID -13.85 37.33 -4.92
22 N RADIAL STYLOID -19.56 -36.26 -7.52
23 L METACARPALE 11 -14.93 41.62 -12.29
24 R METACARPALE It -19.95 -43.55 -14.65
25 L METACARPALEIZI -15.46 36.50 -13.76
26 R METACARPALEIZZ -11.77 -37.72 -16.59
Z7 L METACARPALE U -12.59 33.74 -13.80
29 R METACARPALE U -9.65 -32.6 -16.8
29 LEFT DACTYLION -15.76 41.29 -23.23
36 RIGHT DACTYLION -11.45 -48.72 -26.17
31 L POS CALCANEUS -49.77 14.77 -96.66
32 R POS CALCANCUS -40.62 -10.42 -97.22
33 HEAD CIRC 15.69 -. 02 60.07
34 SELLION 15.62 -. 56 63.16
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TABLE ft 1 (CONTINUED) SUBJECT 11 ANATOMICAL AXES

SEGMENT LANDMARKS AND CENTER OF GRAITY
WITH RESPECT TO ANATOMICAL AXES

4 X Y 2

35 L INFRAORBITALE 13.63 3.56 63.9?
36 R INFRAORBITALE 13.64 -1.12 63.6?
3? LEFT TRAGION 6.67 6.36 64.22
38 RIGHT TRAGION 6.35 -6.62 63.80
39 LEFT GONION 5.89 4.06 58.35
46 RIGHT GONION 6.64 -6.33 53.13
41 MID THYROID CART 6.95 -. 39 51.59
42 LEFT CLAUICALE 5.53 2.42 47.85
43 RIGHT CLAUICALE 5.75 -3.65 47.60
44 SUPRASTERNALE 6.13 -. 23 46.37
45 LEFT ANT SCYE .12 15.53 34.41
46 RIGHT ANT SCYE 1.48 -15.72 33.58
47 LEFT BUSTPOINT 12.11 13.63 20.39
48 RIGHT BUSTPOINT 12.95 -9.63 27.39
49 LEFT 1TH RIB -5.78 12.91 16.63
5s RIGHT 16TH RIB -5.83 -12.96 15.36
51 L ILIOCRISTALE -6.38 15.21 11.93
52 R ILIOCRISTALE -6.62 -14.39 12.71
53 LEFT ASIS .66 12.66 .66
54 RIGHT ASIS .06 -12.56 .66
55 SYMPHYSION .66 .67 -1.23
56 L TROCHANTERION -9.21 16.18 -3.87
57 R TROCHANTERION -16.14 -10.15 -3.38
58 L LAT FEM CONDYL -23.50 15.63 -41.T3
59 R LAT FEM CONDYL -21.93 -14.26 -42.89
6o L MED FE" CONDYL -24.53 4.38 -43.21
61 R MED FEM CONDYL -22.34 -2.61 -43.96
62 LEFT TIDIALE -23.98 6.38 -46.42
63 RIGHT TIDIALE -22.48 -4.35 -47.06
64 LEFT FIBULARE -26.76 16.36 -45.59
65 RIGHT FIDULARE -23.69 -14.47 -46.76
66 L LAT MALLEOLUS -34.90 17.74 -61.74
67 R LAT MALLEOLUS -35.64 -13.25 -62.42
68 LEFT SPHYRION -31.67 12.64 -03.13
69 RIGHT SPHYRION -32.36 -7.63 -63.61
76 L METATARSAL I -22.52 11.57 -69.69
71 R METATARSAL I -22.21 -6.96 -96.23
72 L METATARSAL U -25.28 26.72 -90.33
73 R METATARSAL U -25.33 -15.89 -91.36
74 LEFT TOE 11 -17.87 15.8 -93.68
75 RIGHT TOE II -16.63 -11.74 -93.46
76 CROTCH SENSOR -6.64 .53 -14.16
77 (42 + 43)/2 5.64 -. 31 47.73

CENTER OF GRAUITY
6 -13.16 .96 2.59
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TABLE 0 11 SUBJECT .1 TOTAL BODY AMATO AXES

SEGMENT CENTERS OF GRAVITY
WITH RESPECT TO TOTAL BODY ANATOMICAL AXES

SEG X Y Z

HEAD G.35 -1.15 67.56
NECK 3.15 -.74 55.92

THORAX -2.40 -. 26 32.63
ABDOMEN -4.71 .@Z 13.78

PELVIS -6.26 -. 01 4.11
RU ARM -4.52 -19.63 26.54

RF ARM -7.61 -26.99 4.72
R HAND -9.62 -36.47 -13.56

LU ARM -5.97 19.10 36.61
LF ARM -9.64 27.48 7.43

L HAND -tZ.17 37.46 -11.20
R FLAP -12.56 -9.44 -7.95

R THI-F -16.32 ' -0.67 -ZG.63
R CALF -23.97 -10.95 -58.45

R FOOT -29.66 -16.67 -0.26
L FLAP -12.66 9.51 -7.64

L THI-r -17.26 9.86 -25.59
L CALF -33.37 12.76 -57.71

L FOOT -89.76 15.32 -87.68
R rARN+H -6.19 -29.66 -. 56

L FAR*H -16.52 36.38 2.36
R THIGH -14.77 -9.16 -16.76

L THIGH -15.58 9.73 -16.72
TORSO -4.46 -.17 22.34

TOTAL BODY

TOT BODY -16.16 .66 2.56
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TABLE 4 12 SUBJECT 11 TOTAL BODY ANATO AXES

ORIGIN Or SEGMENT ANATOMICAL AXES
WITH RESPECT TO TOTAL BODY ANATOMICAL AXES

SEG X Y Z

HEAD 6.Z6 -. 71 64.62
NECK -3.36 -.75 54.40

THORAX -13.38 .28 16.45
ABDOMEN -5.7? .2S 15.73

PELUIS 6.33 0.30 3.63
RU ARM -2.81 -19.27 45.61

RF ARM -9.20 -23.81 14.31
R HAND -13.45 -37.63 -13.47

LU ARM -4.29 17.96 47.21
LF ARM -13.47 23.6 16.27

L HAND -13.49 38.65 -12.83
R FLAP -13.14 -18.15 -3.38

R THI-F -13.14 -13.15 -3.36
R CALF -22.43 -4.35 -47.36

R FOOT -22.60 -11.53 -91.4
L FLAP -9.21 13.13 -3.37

L THI-F -9.21 13.13 -3.97
L CALF -23.93 6.36 -46.42

L FOOT -22.84 15.76 -93.15
R FARM+H -9.23 -23.31 14.31

L FARM+H -13.47 23.66 16.27
R THIGH -10.14 -19.15 -3.3

L THIGH -9.21 13.13 -3.87
TORSO 3.11 3.63 3.33

TOTAL BODY

TOT BODY 8.01 3.36 3.6
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TABLE S 13 SUBJECT 11 SEGMENT PA AXES

DIRECTION COSINES (ANGLES) OF SEGMENT ANATOMICAL AXES
WITH RESPECT TO SEGMENT PA AXES

CRA) = CDAG [DGP3 (RP)
SEGMENTS

HEAD .86358c 38.3) -. 12035( 96.9) -. 48963(119.3)
.19258( 84.1) .99272C 6.9) -. 86321( 93.6)
.49368( 68.4) .8440( 89.7) .86964( 29.6)

NECK .98567( 9.7) -.88174( 94.7) .14755( 81.5)
.08261( 85.3) .99658( 4.7) .8824( 98.9)

-. 14797( 98.5) .S1195( 99.3) .96965( a.5)

THORAX .96737( 14.7) .82894( 88.8) -. 25251(184.6)
-.88944( 96.5) .99887( 2.7) .64668( 87.3)
.25326( 75.3) -'.84277( 92.5) .9847( 14.9)

ABDOMEN .99259( 7.8) .8116( 89.9) .12149( 83.8)
-. 66173( 90.1) .99999( .3) .09459( 89.7)
-. 12149( 97.8) -. 8477( 90.3) .99258( 7.8)

PELUIS .99445C 6.8) .04334( 87.5) -. 89583( 95.5)
-. 04372C 92.5) .99904( 2.5) -. 00187( 96.1)
.09566( 84.5) .8885( 89.7) .99540( 5.5)

RU ARM .73441( 42.7) -.67794(132.7) -. 03224( 91.8)
.66976( 46.6) .73156C 43.8) -. 12778( 97.3)
.11821C 83.7) .7225( 85.9) .99128( 7.6)

RF ARM .9Z953( 21.6) .35769( 69.1) .89292( 84.7)
-. 36705(111.5) .91994( 23.1) .13782( 82.1)
-. 83544( 92.8) -. 16189c 99.3) .99617( 9.5)

A HAND .96858( 14.4) -. 24796(164.4) -.61922( 91.1)

.Z4748( 75.7) .95325( 17.6) .17341( 80.9)
-. 2468( 91.4) -. 17272( 99.9) .98466( 19.9)

LU ARM .81525( 35.4) .57783( 54.8) -. 84988( 92.8)
-. 58916(124.7) .81399( 35.5) .11608( 83.3)
.1887( 83.9) -. 06674( 93.8) .99283( 7.2)

LF ARM .94568( 19.6) -. 38980(188.8) .89930( 84.3)
.32154( 71.2) .93642( 29.5) -. 14047( 98.1)

-. 64947( 92.8) .16476( 80.5) .96509( 9.9)

L HAND .97966( 11.6) .19426( 78.8) -. 05832( 92.9)

-. 28062(181.6) .95369( 17.5) -. 22418(183.9)
.00445( 89.7) .22964C 76.7) .97327( 13.3)

R FLAP .98444C 10.1) .16794( 86.3) -. 85178( 93.6)
-. 14436( 98.3) .94079( 19.6) .38672( 72.1)
.10623( 84.2) -.29447(167.1) .95639( 18.1)

R THZ-F .99591( 5.2) .8314( 83.2) .1575( 85.1)
-. 63395( 91.9) .99915( 2.4) .82326 86.7)
-. 06493( r49) -. 62618( 91.5) .99695( 5.1)
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TABLE A 13 (CONTINUED) SUBJECT 11 SEGMENT PA AXES

DIRECTION COSINES (ANGLES) OF SEGMENT ANATOMICAL AXES
WITH RESPECT TO SEGMENT PA AXES

(RA) z tDAG) CDOPI (RP)

SEGMENTS

R CALF .71736( 44.2) -. 69592(134.1) .93296( 96.1)
.696444 45.9) .71759C 44.1) -. 6649( 99.4)

-.6191St 91.1) .02762( 88.4) .99944( 1.9)

R FOOT .99795( 0.9) .66745( 66.1) .13931( 62.8)
-. 61643( 91.1) .94491( 19.1) -. 32688(199.1)
-. 15368 96.8) .32036( 71.3) .93477 20.6)

L FLAP .942U( 19.6) -. 31616(189.4) -. 11196( 96.4)

.26945( 74.4) .91099( 24.4) -. 31340(166.3)

.2U187( 76.4) .2651S4 74.6) .943004 19.4)

L THI-F .96511( 15.Z) -. 24973(194.5) .07872( 95.5)
.25343( 75.3) .96646( 14.9) -. 64103( 93.4)

-. G6583c 93.8) .9595S( 84.6) .9961S5 5.1)

L CALF .1s0( 35.1) .57267( 55.1) .84S93( 67.4)
-. 57352(125.0) .1916 35.) .89695(8 9.6)
-. 03364( 91.9) -. 632934 91.6) .99992( Z.71

L FOOT .996?( 9.9) -. 06356( 93.6) .14305( 61.8)
.91?43( 69.6) .95293c 17.6) .39267( 72.4)

-. 1553( 90.9) -. 29644(ter.Z) .94230( 19.6)

R FRR+H .96376( 10.3) .17236( 89.1) .04974( 87.1)
-. 17962(ie.3) .97220( 13.5) isaS( 61.3)

-. 92214( 91.3) -. 1584( 99.1) .967?t1 9.2)

L FARMe+ .98592( 9.6) -. 15543( 98.9) .86165C 96.5)
.16264( 66.6) .9762sT 12.$) -. 14zes( 96.2)

-. 03799( 92.2) .15861( 81.3) .98762( 9.6)

R THIGH .992G( 7.1) .12912( 63.1) -. 03163( 91.6)

-. 11881S 96.6) .99213( 7.2) .83141( 97.7)
.03613( 67.9) -. 03534c 92.6) .99072c 2.91

L THIGH .96759( 14.6) -.2460(164.3) -. R3531( 93.1)
.24374( 75.9) .9ss( 14.5) -.0GG5( 93.4)
.86G6S( 96.2) .04376( 67.5) .99665( 4.5)

TORSO .98443( 10.1) .929( , 9.9) .17576( 79.9)

-. 01196( 96.1) .999Tt .41 -. 69706( 96.4)
-. 1757(163. 1) .96676( 99.6) .99441t 16.1)

TOTAL BODY

TOT BODY .9661S( 15.6) -.630t( 92.2) .25516( 75.8)
.0442( 67.5) .99192( 2.7) -.81621( 96.9)

-. 25426(194.7) .82679( 66.5) .966?G( 14.6)
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TABLE 4 14 SUBJECT 11 GLOBAL AXES

SEGMENT INERTIAL TENSOR AT SEGMENT CENTER OF GRAITY
WITH RESPECT TO GLOBAL AXES

SEGMENTS

HEAD 17350. -5962. 26133.
-5062. 219655. 3142.
26133. 3142. 162992.

NECK 13692. -303. 2233.
-363. 15497. 2zg.
2233. 226. 15726.

THORAX 3266945. 16077. 253768.
16677. 2726360. -16413.

253766. -16413. 2196974.

ABDOMEN 41754. -19. 12.
-19. 23441. -19.
12. -18. 64332.

PELVIS 185969. -14386. -62556.
-14306. 745326. 5798.
-62559. 5768 1Z57085.

RU ARM 121915. 1776. 12995.
1779. 126967. -11004.

12995. -11994. 25168.

RF ARM 46259. 317. 169s.
317. 30633. -15895.
lose. -15095. 16966.

R HAND 11653. 434. 036.
434. 9591. -2765.
039. -2?65. 4330.

LU ARM 199563. -2589. 10679.

-2569. 112176. 11625.
10679. 11625. 24977.

LF ARM 56293. 375. 25.
075. 4539. 17911.

25. 17911. 17977.

L HAND 10824. -29. 176.

-29. 8273. 2236.
176. 2236. 3503.

R FLAP 172394. 6073. -467.
673. 236719. 15369.
-467. 13369. 216916.

R THZ-7 564221. 3351. -51623.
2951. 616922. 17347.

-51626. 17367. 23753.
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TABLE 0 14 (CONTINUED) SUBJECT 11 GLOBAL AXES

SEGMENT INERTIAL TENSOR AT SEGMENT CENTER OF GRAVITY
WITH RESPECT TO GLOBAL AXES

SEGMENTS

R CALF 487912. -300. -29141.
-3680. 49152. -29644.

-29141. -29644. 70744.

R FOOT 7619. 1206. 3346.
1266. 36185. -574.
3346. -574. 36275.

L FLAP 146492. -11953. -1611.

-11953. 195294. -13159.
-1611. -13159. 246568.

L THI-F 568497. -5613. -72923
-5013. 665825. -12719.

-72923. -12719. 266491.

L CALF 48239. 1181. -8933.
1161. 488606. 40974.

-6933. 46974. 69393.

L FOOT 7335. -1154. 3266.
-1154. 31757. 511.
3266. 511. 31931.

R FARM+H 186199. 6671. 13687.
6871. 146633. -73638.

13667. -73038. 52664.

L FARM+H 264768. -1615. 5514.

-1615. 164589. 75251.
5514. 75251. 49469.

R THIGH 1662597. 11. -48672.
11613. 1745769. 41139.

-41172. 41139. 554691.

L THIGH 1572656. -17316. -96175.
-17310. 1645263. -26236.
-96175. -23296. 515355.

TORSO 10649335. 3918. 314429.
3916. 974701. -91119.

314429. -91119. 3523769.

TOTAL BODY

TOT BODY 115291276. 311622. -3339217.
311622. 187625625. -532665.

-3639217. -532665. 12U0755.
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TABLE U 15 SUBJECT 11 GLOBAL AXES

PERCENT OF UOLUME FROM FLOOR TO SPECIFIED HEIGHTS

HEIGHT % HEIGHT X VOLUME

172.95 Is@ 1ee.me

169.49 98 99.68

166.03 96 96.65

162.57 94 97.38

159.11 92 96.16

155.65 96 95.34

152.19 a6 94.ZZ

148.73 86 93.83

145.27 94 93.29

141.61 62 92.12

138.36 as 90.01
134.90 78 87.98

131.44 76 64.33

127.96 74 88.19

124.52 7z 75.63

121.06 78 76.69

,17.60 68 69.29
114.14 66 65.24

110.66 64 63.46

107.23 62 60.75

103.77 60 56.27

166.31 56 52.76

96.65 56 56.09

93.39 54 46.03

69.93 52 41.83

06.47 50 37.56

63.01 40 33.31

79.55 A6 36.63

76.18 44 26.37

72.64 42 Z4.41

69.16 40 21.76

65.72 36 26.19

62.Z6 36 17.41

56.66 34 16.19

55.34 3Z 14.58

51.88 36 13.13

48.42 26 11.82

44.97 26 16.68

41.51 Z4 5.97

36.05 zz 8.65

34.59 z 7.65

31.13 18 6.44

27.67 16 5.69

24.21 14 4.43

26.75 1z 3.94

17.29 16 3.35

13.64 a 2.96

10.38 6 2.49

6.92 4 2.19

3.46 z 1.52

6.66 6 -. 90
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